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Refractive Indices of Water and of Sea-water. J. W. 
GIFFORD (Proc. Roy. Xoc., 1906, A, 78, 406--409).-The refractive 
indices of water and sea-water have been measured a t  15" for a number 
of wave-lengths. For three different wave-lengths the temperature 
coefficients have also been determined. 

The refractive index of a sample of water, prepared and kept in  
platinum vessels, for the iron line E (wave-length 5270.11) was found 
to be nfE5' = 1.3356359. H. M. D. 

Refractive Indices of Gaseous Potassium, Zinc, Cadmium, 
Mercury, Arsenic, Selenium, and Tellurium. CLIVE CUTHBERTSON 
and E. PARR METCALFE (Phil. Trans., 1907, A, 20'7, 135-148. Com- 
pare Abstr., 1905, ii, 129).-The earlier invejtigation (Zoc. c i t . )  has 
been continued with a n  improved apparatus, one chief alteration being 
tho substitution of fused silica tubes for the glass ones previously 
employed. 

No accurate determination could be made of the index of refraction 
of potassium, but rough observations indicated tha t  its value was less 
than unity both for A5460 and h6562. The values obtained for the 
refractive indices of the other elements are summarised in the following 
table : 

(p - 1) x 106. 
Element. A6562. A5893. A5460. A5183. 

Cadmium.. .... 2675 2675 2725 2750 
Zinc ............ 1960 2057 2150 2070 
Arseuic ...... - 1553 15i9 - 
Selenium ...... 1535 1565 1570 
Tellurium ..... 2370 2495 2620 

- 
- 

Mercuiy ...... 1799 1866 1882 1885 

The dispersion, except for potassium, is normal in  direction and OF 
very great magnitude. The indices of zinc, cadmium, and tellurium 
are higher than tha t  of any gaseous element previously investigated. 

The refractivities of selenium and tellurium are to tha t  of sulphur 
as 3 and 5 respectively t o  2, so tha t  in this case the rule of simple 
integral ratios between the refractivities (see Zoc. c i t . )  is appoximately 
fulfilled. No such rule, however, applies to phosphorus and arsenic, or 
t o  zinc, cadmium, and mercury. To the rule that, in each gtoup of 
elements, refractivity increases with atomic weight, mercury foruls a 
striking exception. J. C. Y. 

Volume, Valencg, and Refraction. The Refraction and the 
Volume Stere. 11. IsiDos TRAUBE ( B e y . ,  1907, 40, 723--i33).- 
The author has shown (this vol., ii, 145) tha t  the real volume of an  
atom (the expression "real volume" does not include the ether 
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envelope) as measured by its atomic refraction in organic compounds 
containing carbon, hydrogen, oxygen, nitrogen, and in some cases 
boron, phosphorus, or silicon, is proportional to the number represent- 
ing the valency. I n  compounds containing C C ,  CiC, C:N, or N-N or 
NZN, the increment, (Ma/0*787)  - n  (where Ma is the molecular 
refraction, 0,787 is the mean value of the refraction stere, and n is the 
total number of valency linkings), increases with the number of multi- 
linked atoms ; multilinked carbon atoms, therefore, have a greater real 
volume than those singly linked, whereas the reverse would be 
expected from the theory that such carbon atoms are tervalent or 
bivalent, 

The increment has been determined for a number of typical organic 
compounds containing one or more halogen atoms. For the four com- 
pounds containing fluorine the increment is about 1, but for nine 
compounds containing chlorine it is about 7 per halogen atom, a number 
representing the maximum valency of the element. Moreover, the 
molecular refraction is the same for substances such as ethylene 
dichloride and succinonitrile, which contain C1 or CiN ; the number of 
linkings in the latter is 7. Chlorine.is septavalent, not because the 
atom is surrounded by 7 vslones, but because its volume is 7 steres, 
the maximum valency of an atom being determined by the stere 
value of the valone volume (Zoc. cit. for definitions). 

The increment in the case of bromine, iodine, sulphur, selenium, 
zinc, mercury, tin, and lead is 11, 17, 10, 14, 10, 16.4, 17.6, and 22.4 
respectively, numbers which do not bear any apparent relation to the 
maximum valency of the elements. The discrepancies disappear, how- 
ever, when the other magnitudes comprising the molecular volume are 
taken into account. The molecular volume is composed of the real 
volume of the atoms, the atomic covolume, b - Ma (electron or valone 
volume), and the molecular covolume, 21 - b ; the last in particular is 
influenced by change of temperature. A t  the absolute zero the mole- 
cular covolume becomes zero, and the atomic covolume becomes 
vo -Ma. For the evaluation of vo compare Guldberg (Abstr., 1900, ii, 
264) and Berthelot (ibid., 335). In  non-associated organic compounds 
containing carbon, hydrogen, oxygen, and nitrogen, the value 
(vo - Ma)/% is approximately constant, and the mean value 1.70 repre- 
sents the stere of the atomic covolume. This stere is greatest when 
that of the real volume of the atom is least, and vice versa. The cause 
of this reciprocity is, according to the author, an intra-atomic pressure, 
which, acting outwards, resists the affinity pressure binding the atoms 
and contracting the atomic covolume. 

The same relation is true for cyclic and for halogen containing com- 
pounds. I n  the case of the latter, the increment, (vo - Ma/1.70) - m, 
for chlorine, bromine, and iodine is in the ratio 6 :  7 : 8-9, numbers 
very near that of the maximum vdency. 

At the critical temperature, similar relations hold for nou-associated 
compounds ; the stere, (bk - Ma)/n, is nearly constant if the values in n 
for chlorine, bromine, iodine, sulphur, and selenium are taken respec- 
tively as 6, 7, 9, 6, 7, and the value of is diminished by 6 units for 
each benzene, cyckohexane, or pyridine nucleus. 
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At the normal boiling point, the calculated molecular covolume 
(Abstr., 1902, ii, 551), even for associated substances, is equal to the 
number of valency linkingsj and the author deduces that a liquid, 
whether associated or not, boils when the molecular covolume is directly, 
the internal pressure inversely, proportional to the number of valency 
linkings. Since for associated liquids at the normal boiling poinb 
u/u - b = 3.75, it follows that the molecular volume = 3.75 x number 
of valency linkings j this deduction is confirmed in the case of forty 
organic compounds. The equation also holds for cyclic and for halogen 
compounds if the correction previously stated is applied to n, the 
correction for benzene, cyclohexane, and pyridine being 4.5 units. 

Since isomeric compounds have nearly equal molecular covolurnea 
at Oo and different boiling points, the more associated substance at O3 
must have the smaller molecular covolume, 

The author points out that Barlow and Pope (Trans., 1906, 88, 
1675), starting from totally different premises, have arrived at con- 
clusions concerning structure and valency which are almost identical 
with his own. c. 5, 

Associated Substanoes. 111. ISIDOR TRAUBE (Bey., 1907, 40, 
734-736. Compare preceding abstract).-For associated liquids and 
solids, the stere of the atomic covolume (electronvolume), b - MJn, 
calculated on the assumption that oxygen is bivalent, is not constant 
and equal to about 1.70, but is greater than this in a degree approxi- 
mately proportional to the association factor of the compound under 
examination. The abnormality vanishes if oxygen is regarded as 
quadrivalent, and hence such liquids and solids might be regarded as 
atomic compounds were it, not for evidence furnished by the real 
volume of the atoms. Strongly associated substances such as glycerol, 
ethylene glycol, and lactic acid give quite normal values for the re- 
fraction stere, calculated on the assumption that oxygen is bivalent. 

Moreover, the mora highly associated of two isomeric substances 
has the smaller molecular covolums (loc. cit.), and, since the latter 
quantity is inversely proportional to the internal pressure, so-called 
associated substances may be regarded as compounds which exist under 
an  unusually great internal pressure. 

By this theory the author accounts for the existence of gaseous asso- 
ciated moleciiles, for the action of associating and of non-associating 
solvents OR associated solutes, and the dissociating action of solvents 
on salts, &c. c. s, 

Principle of Optical Superposition. 11. M. A. ROSANOFF 
(Zeilsch. physikd, Chem., 1907, 57, 739-741. Compare Abstr., 1906, 
ii, 320).--The author, criticising the work and the conclusions of Guye 
and Goudet (Abstr., 1896, ii, 458), finds that the principle of algebraic 
superposition is false. 

RICHARD PRIBRAM 
(Annulen, 1907, 351, 481--485).-0udemans held that in  moderately 
dilute solutions the molecular rotations of salts are independent of the 

J. C. P. 

Optical Rotation of Iodonium Tartrate. 

15-2 
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nature of the inactive component. Guye (Abstr., 1892, 399, 758), on 
the contrary, published a number of results which indicated that the 
molecular rotation of an active substance is influenced by the mole- 
cular weight of the inactive group with which it is combined, and 
concluded that the molecular rotation of tartaric acid is increased by 
all bases (compare Pribram, Abstr., 1888, 1229). 

It has been observed that the molecular rotation of thallium tartrate 
in dilute solution is greater, but in concentrated solution less, than 
that of tartaric acid; the point at which the rotation curves for 
various strengths of thallium tartrate cuts that  of similar solutions of 
tartaric acid represents the concentration at which the inactive 
thallium is without influence in the rotation of the active tartaric 
acid. 

The optical activity of diphenyliodonium tartrate has now been 
investigated, the analogy of such salts with those of thallium having 
been pointed out by Victor Meyer. As the tartrate could not be 
obtained in the crystalline state, solutions in which diphenyliodonium 
hydroxide and tartaric acid mere mixed in equivalent proportions 
were examined, and the observed rotatious in solutions containing 
2*945-7.125% of the iodonium tartrate found to be in each case 
greater, a: + 0.39 to + 1.30, than that (of solutions containing the 
equivalent amounts, 0.623-1*506%, of free tartaric acid, C$ + 0.29 to 
+ 0.65. G. Y. 

Influence of Formaldehyde on the Rotatory Power of 
Dextrose in Relation to the Theory of Multirotation. 
GABRIELE LANDINI (Att i  K. Accad. Lincei, 1907, [ v], 16, i, 52-58).- 
I n  the hydrolysis of sucrose by hydrochloric acid in presence of form- 
aldehyde, the reaction constant exhibits a gradual increase which must 
be attributed t o  some action of the formaldehyde, either on the sucrose 
itself o r  on its products of hydrolysis. Also, when a mixture OF 40 C.C. 

of 40% formaldehyde solution with 10 C.C. of 50% sucrose solution is 
maintained a t  40°, the rotation of the solution increases from 26.667', 
two minutes after mixing, to 30*033", 137 minutes after mixing, in 
spite of the presence of a small quantity of acid (0*0105N) in the 
aldehyde. A similar increase in rotation is observed in a mixture of 
equal volumes of the 40% formaldehyde solution and 10% dextrose 
solution kept at a temperature of 40'; the vdue  of K, calculated ou 
the hypothesis that a molecule of P-dextrose forms a compound with 
the formaldehyde, falls from 9.406 x t o  2.504 x Displace- 
ment of the equilibrium between the a- and p-forms of dextrose is 
insufficient t o  explain this observation, since this also mould require K 
to remain constant. 

The results of experiments on the action of formaldehyde on the 
rotation of a-dextrose are not in accord with the assumption t h a t  the 
a- is merely converted into the P-form. The author is of opinion that 
either the a- or the p-form, or both, enters into combination with the 
formaldehyde (compare Jungius, Abstr., 1905, i, 573 ; Milroy, Abstr., 
1905, i, 174j. T. H. P. 
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Lamps for Spectra. V. New and Simple Spectrum Lamp 
for Analytical Work. ERNST BECKMANN (Zeitsch. physikul. Chem., 
1907, 57, 641-648. Compare Abstr., 1900, ii, 701; 1901, ii, 53, 
81 ; 1902, ii, 373).-The air supply to  an  ordinary bunsen burner is 
led through a wide, short-limbed U-tube, in which is put a little of the 
solution to be tested along with zinc and acid. The effervescence from 
the zinc sprays the dissolved salt, and the current of air a s  it passes 
over the solution carries the spray with it and colours the flame 
accordingly. Slight alterations in the apparatus permit its use with 
the various forms of bunsen burner. J. C. P. 

Spectrum Analysis. F ~ A N Z  EXNER [with E. HASCHECK] 
(Annulen, 1907, 351, 12-23).-With the aid of large Rowland's 
gratings, the authors have photographed the ultra-violet portion of the 
arc and spark spectra of 74 elements, and have measured the wave- 
lengths of the lines by projecting the spectra on to a scale.. These 
results have been published in wave-length tables. Tables are now 
given showing the number of lines in the ultra-violet in  the arc and 
in the spark spectra of these elements. A few have no lines in the 
ultra-violet, whilst the greater number have from one to  a hundred, 
and only three have over 2,000 lines in the ultra-violet of both 
spectra. The application of these new spectrum measurements is 
discussed. G. Y. 

Employment of Spark Spectra in Proving Homogeneity. 
CARL AUER VON WELSBACH (Annalen, 1907, 351, 458--466).-1t is 
customary in testing the homogeneity of a supposed element to divide 
the substance into a series, as long as possible, of fractions which are 
compared in the majority OF cases by examination of their spectra. 
For this purpose, the nut hor strongly recommends the employment of 
spark spectra wherever possible. Against the use of spectrum 
photography in those cases in which differences in the composition of 
fractions have to be determined by observation of slight differences in 
the intensity of the lines of two spectra, it is urged that in consequence 
of the great sensitiveness of dry plates these differences disappear on 
unsuitable exposure, that  the rays and especially the least refracted 
rays from a substance present in small proportion are suppressed, and 
hence an impurity represented by lines in the red is less easily recog- 
nised than one the lines of which lie in the violet, still more in the 
ultra-violet., and that closely related elements have always moderately 
intense lines in common, these being most frequent in the ultra-violet, 
and appealing in all spectra of a series of fractions tend to lead to 
wrong conclusions. To simplify the direct observation of a prolonged 
series of spark spectra, the author uses a modified apparatus, which is 
described shortly, further details being promised. The method of 
employing the spark spectra is illustrated by reference to the separation 
of ytterbium ammonium oxalate into two fractions differing com- 
pletely in the visual portion of the spectrum, but showing lines in  
common in the ultra-violet. G .  Y. 
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Continuous Ray8 observed in the Spark ,Spectre of Metal- 
loids and Some Metals. W. NOEL HARTLEY (Proc. Roy. Soc., 1906, 
A, 78, 403--405).-The continuous rays in certain spark spectra have 
been examined by passing sparks between electrodes of cadmium, lead, 
tin, arsenic, and antimony in closed vessels containing different gases. 
The nature of the gas surrounding the electrodes appears to have a 
distinct influence on the continuous ray spectrum, the influence vary- 
ing from one metal to another. I n  contradiction to an opinion expressed 
previously, the continuons spectrum is not caused by oxidation, 
because in every case it is strongest when the electrodes are immersed 
in hydrogen or nitrogen. All the spectra are weakest in an atmosphere 
containing oxygen, whether free or combined, and the conclusion is 
drawn that oxidation weakens or destroys the continuous spectrum. 

Some experiments on flame spectra indicate that the best continuous 
ray spectrum is obtained from an  acetylene oxygen flame. The rays 
are in this case continuous and of equal intensity from the red to 
beyond wave-length 2700. H. M. D. 

Influence of a Strong Magnetic Field on the Spark Spectra 
of Titanium, Chromium, and Manganese. JOHN E. PURVIS (Proc. 
Camb. Phil. Soc., 1907, 14, 41-84. Compare Abstr., 1906, ii, 421 ; 
1907, ii, 2).-The effect on a large number of the spectral lines of 
titanium, chromium, and manganese is recorded, the following being 
some of the more important results. On comparing the lines of each 
separate metal with one another, i t  is found that several of them may 
be correlated in that the constituents have the same values of dh/h2, 
the same polarieation and similar appearance. I t  frequently happens 
tha t  a simple numerical relationship exists between the constituents 
of a line which divides into either eight, six, five, or four constituents, 
and that amongst the lines which divide into three, the values of 
dh/h2 for the constituents of some lines are simple multiples of the 
values of those of other lines, W. H. G. 

Band Spectra of Nearly Allied Compounds. CHARLES 
blORCfAN OLMSTED (Chem, Zentr., 1907, i, 146-147 ; from Zeitsch. IViss. 
Photograph. Fhotophps. Photochem., 4, 255--291).-The band spectra 
of the halogen salts of barium, strontium, calcium, and magnesium 
have been photographed, a Romland concave grating of 1 m. curvature 
being used. The powdered salts were wrapped in a roll of filter paper 
and burnt in an  oxyhydrogen flame. The spectra were compared with 
that of iron, which was photographed on the same plate. The results 
are tabulated in  the original pRper. The spectra are composed of a 
series of bands each of which consists of a great number of lines. A 
relationship between the position of these bands and the atomic weight 
of the atoms is distinctly apparent. The spectra of the chlorides, 
bromides, and iodides of calcium, strontium, and barium resemble each 
other much more than the spectra of the fluorides. The results show 
that the more nearly equal the atomic weights of the components the 
greater is the power of emission of the molecule, and that in  the case 
of a given halogen salt, the less the atomic weight of the metal, the 
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greater is the apparent displacement of the bands towards the violet 
end. These rules hold for all salts of barium, strontium, calcium,and 
for magnesium iodide and bromide, but not for magnesium chloride and 
fluoride. The spectrum of glucinum chloride contained no band, possibly 
because the temperature was too low. 

N =  A f (B.m + C)z = a + j3m + ym2, in  which N =  
frequency, A ,  B, C ,  a, /I, y =  constants, and m= series of positive 
whole .numbers, holds for the lines of each band, A more precise 
numerical relationship between the atomic weight and the constants 
could not be determined, but the absolute values of a and /3 in the  
case of each metal mere found to decrease as the  atomic weight of 
the halogen increased and for a given halogen increase of the atomic 
weight of the metal had the same effect. The value of y is dependent 
only on the atomic weight of the metal and not on tha t  of the halogen. 

The equation : 

E. W. W. 

Band Spectra of Mercuric Chloride, Bromide, and Iodide. 
JOHANNES LOIIMEYER (Chem. Zentr., 1907, i, 396 ; from Zeitsch. wiss. 
Photograph. Photophys. Photochem., 4, 367-383).-The spectra of 
merciiric chloride, bromide, and iodide have been photographed by 
means of a Rowland grating of 1 m. curvature. The compounds were 
placed in Geissler tubes which were heated and .evacuated; it was 
found necessary to  continue the action of the pump during the 
exposure in order to reduce the pressure to a few thousandths of 
a millimetre. The dispersion was not great enough to cause separa- 
tion of the bands. As the 
atomic weight increases the band complex moves towards the shorter 
wave-lengths, although Wedemann found the reverse effect in the case 
of t h e  halogen compounds of the alkaline earths (Boltxmann Pestschri;ft, 
1904, S26). Deslandres’s law that, the frequency of consecutive bands 
forms an  arithmetical series is not absolutely contirmed by the data, but 
the distances between the bands of a series appear to increase to a 
definite limit and then to  decrease. 

The spectra are somewhat complicated. 

E. W. W. 

Structure of the Bands in the Spectrum of Effect 
Carbons (Effektkohlen) and of: Barium Fluoride. JOSEPH 
ROSCH (Chem. Zentr., 1907, i, 396-397; from Zeitsch. WkS.  

Photograph. Photophys. Photochem., 4, 384--393).-The band spectra 
of the  fluorides of calcium, barium, and strontium have been photo- 
graphed by means of a large Rowland grating of 6.5 m. curvature, and 
t h s  results are arranged in tables in the original paper. The measure- 
ments, unlike the less exact date of Fabry (Astrophysical J., 1905,21), 
are not i n  agreement with Deslandres’s law, but  conform to Thiele’s 
rule. E. W. W. 

Absorption Spectra of Certain Salts in Aqueous Solution 
as Affected by the Presence of Certain Other Salts with Large 
Dehydrating Power. HARRY C. JONES and HORACE S. UHLER (Amer. 
Chent. J., 1907, 37, 207-244. Compare this vol., ii, 147).-The 
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detailed account of the spectroscopic investigations, continued from 
the previous paper, is completed, and st general summary of the results 
given, supplemented by conductivity and freezing point deter- 
mination. 

The photographic records indicate tha t  the absorption bands of solu- 
tions of cobalt and copper chlorides increase in width as the  concentra- 
tion of the solution increases. Addition of a strong dehydrating 
agent such as calcium or aluminium chloride has the same effect as  
an increase in concentration, and aluminium chloride is more effective 
than calcium chloride. I n  a series of solutions the concentrations of 
which increase in arithmetical progression, the increments of absorption 
gradually become less and less. 

These observations are explained by the  authors an the assumption 
that the coloured salts form hydrates in solution. The period of vibra- 
tion of a group of atoms mill be greatly affected by its union with 
water molecules. The more complex the hydrate, the more the vibra- 
tions of the original group of atoms will be interfered with and con- 
sequently the  smaller the  number of wave-lengths with which it will 
be able to respond. In consequence of this, the solution in which the  
hydrates are the most complex will show the narrowest absorption 
bands. Earlier work has shown tha t  the hydration of the dissolved 
molecules increases with dilution. The hydration theory therefore 
offers an  explanation of the spectroscopic observations, since the presence 
of a dehydrating agent will result in a diminution of the  amount of 
water available for the coloured salt. 

The freezing point measurements for solutions of cobalt chloride 
together with either calcium chloride or bromide indicate that the 
number of molecules in  solution increases with time. This change is 
supposed to be due to hydrolysis. H. M. D. 

Absorption Spectra of Certain Salts in Non-aqueous 
Solvents as Affected by the Addition of Water. HARRY C. JONES 
and HORACE S.  UHLER (Amer. Chem. J., 1907,37,244-274. Comp:ire 
preceding abstract).-The change in  the absorption spectra on the 
addition of water to  solutions of cobalt chloride in methyl alcohol, 
of copper chloride in methyl alcohol, ethyl alcohol and acetone, 
and of copper bromide in methyl and ethyl alcohols has been 
examined. 'l'he photographic plates show that the absorption bands 
are in all cases widest in the anhydrous solvents and gradually become 
narrower as  the amount of watter added increases. It is supposed the 
coloured salts do not combine to any appreciable extent with the non- 
aqueous solvents and are therefore capable of responding to vibrations 
of very different wave-lengths. When water is added, hydrates OF 
the coloured salts are, however, . formed, the complexity of these 
increasing with the amount of water present, and the ability of the 
atomic groups to respond t o  incident light waves undergoes a gradually 
increasing restriction. The evidence thus obtained from the  study of 
non-aqueous solutions is regarded as supporting the  hydrate theory of 
solutions. H. M. D. 

Photochemical Oxidation of Hydrogen Iodide by Oxygen. 
JOH. PLOTNIKOFF (Zeitsch. physikal. Chem., 1907, 58, 214-244).- 
When water charged with oxygen and containing also potasEliurn 
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iodide and hydrochloric acid is kept in the dark, the oxygen is 
gradually used up, and the course of the oxidation may be followed 
by determining at intervals the amount of iodine liberated. When 
the potassium iodide and hydrochloric acid are in large excess the 
diminution of the oxygen concentration takes place according t G  the 
formula for a unimolecular reaction. When the potassium iodide and 
hydrochloric acid are present in limited quantity, the rate of decrease 
of the oxygen concentration is proportional to the 2/3 power of the 
potassium iodide concentration, and to the 4/3 power of the hydro- 
chloric acid concentration, so that the course of the change may be 
represented by the empirical equation :--d(O,)/dt = Kd(O.J(KI)g(HCl)+. 
The ratio KT+,,/KT for the reaction in the dark is found to be 2.86. 
The ions Mn" and Fb" exert no catalytic influence, but Cu" does so to 
a limited extent, as also does Fe" and Fe" + Cu" ; the catalytic effect, 
however, gradually falls off in the last two cases. Nitrous acid is 
fouod to exert a remarkably great catalytic influence on the reaction, 
but the effect falls off rapidly as the reaction proceeds, because of the 
decomposition of the acid. 

The course of the change is markedly accelerated when the reaction 
mixture is exposed to the light from a mercury lamp, and it is shown 
that for this acceleration the blue rays are chiefly responsible. The 
solution of the reacting substances does not absorb the rays to Any 
appreciable extent, and the velocity coefficient of the reaction is 
directly proportional to the intensity ( I )  of the light. For blue light 
(A = 436) the course of the reaction may be represented by the empirical 
equation :-d(O,)/dt = KA*lA(O,>(KI)3(HCl)~, It will be observed that the 
order of the reaction in relation to the hydrochloric acid is different in 
the light from what it is in the dark. For the change under the influence 
of light the ratio KT+lO/KT is found to have the value 1.4. I n  presence 
of uranium nitrate, eosin, starch, or copper sulphate the reaction is 
retarded ; in presence of quinine sulphate, ssculin, or chloroform it is 
accelerated. J. C. P. 

Phosphorescence of Uranyl Salts in Liquid Air. HENRI 
BECQUEREL (Compt. rend., 1907, 144, 459-462).-As an  immediate 
consequence of the discovery (J. Becquerel) of the resolution, a t  very 
low temperatures, of the more or less wide bands in the absorption 
spectra of certain crystals at ordinary temperature, into fine and 
multiple bands, and of the intimate connexion long known (compare 
H. Becquerel, Abstr., 1886, 189) to exist between the phosphorescence 
emission spectra and the absorption spectra, particularly of uranyl 
salts, it is to be expected that the variations observed a t  a very lorn 
temperature in the absorption spectra of uranyl compounds will be 
repeated in their phosphorescence emission spectra under the same 
conditions. This is confirmed by experiment. The phosphorescence 
emission spectrum of uranyl nitrate a t  the ordinary temperature consists 
of a series of simple diffuse bands, whilst in liquid air the latter 
become intense narrow double bands between which other much 
weaker bands appear. The double sulphate and especially the double 
chloride of uranyl and potassium give groups of bands which in liquid 
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air are resolved into fine intense bands arranged in the same order in 
each spectrum. 

A table is 
given of the wave-lengths of the principal bands of the phosphorescence 
emission spectra of the above three salts a t  the ordinary temperature 
and in liquid air. 

Theidentity in the modifications undergone by each band in the 
spectrum of the same salt gives a fresh proof tha t  all the bands either 
in the absorption or the phosphorescence emission spectrum of uranium 
compounds have the same origin. I n  the case of crystals of which 
the phosphorescence is due to the formation or destruction of compounds 
of multiple elements existing only in traces in a substance acting as a 
solid solvent, the phenomenon has :t different appearance. Thus in 
the cathodic phosphorescence spectrum of chlorophane, most of the 
bands are enfeebled at low temperatures, whilst others, such as the 
bands 604pp, 564pp attributed by Urbain to samarium, become 
finer while keeping their original intensity. A sample of leucophane of 
which the phosphorescence spectrum at the ordinary temperature con- 
sists of two parts both continuous, one from 650pp to 543pp of great 
intensity, and the other an  intense blue beginning at 493pp, gives 
at low temperatures almost exclusively the region 627-600 with a 
less extensive and feebler blue spectrum. The roseate colour of the 
light emitted a t  the ordinary temperature becomes red on cooling. 

Thus lowering of the temperature, as with i ts  elevation and the 
unequal duration of the extinction observed with the phosphoroscope, 
gives a means of detecting the difference in origin of different bands 
or regions of the phosphorescence spectra of certain substances of 
which the phosphorescene appears to accompany the formation or 
destruction of compounds unequally stable a t  different temperatures. 

E. H. 

The phenomenon is also observed with uranium glass. 

Lecture Experiment on the Auxochrome Theory. The 
Sulphonic Group as Fluorogen. HUGO KAUFFMANN (Ber., 1907, 
40, 838-843. Compare Abstr., 1900, i, 480).-The relation of 
luminescence to chemical constitution is illustrated by the following 
experiment. A small amount of each of the three dihydroxybenzenes is 
heated with concentrated sulphuric acid, not sufficiently strongly to 
cause decomposition, and the product is poured into an excess of 
dilute sodium carbonate. Nothing is to be observed with catechol 
or resorcinol, but with quinol the liquid is yellow and has a strong 
violet fluorescence which becomes a very intense blue if sodium 
hydroxide is added. This effect is explained on the basis of the 
auxochrome theory as being caused by the introduction of fluorogenic 
sulphonic groups into the luminophoric quinol ; catechol and resor- 
cinol having only a very slight tendency to luminescence, are not 
rendered fluorescent by the sulphonic groups. 

Solutions of free quinoldisulphonic acid are only slightly fluorescent, 
whilst its potassium salt has a strong violet fluorescence in aqueous, 
and a green to intense blue fluorescence in alkaline, solutions. It 
would appear that  the group SO,K is the fluorogen, but quinoldi- 
sulphonic acid is highly dissociated in its aqueous solution, which must 
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contain the same anion as is present in the solution of the  potassium 
salt. The difference in the fluorescence is ascribed t o  a disturbing 
influence of the hydrogen ions in the solut.ion of the free acid. 

The author argues from the foregoing to  the conclusion that, 
contrary to Hantzsch's view, the oxidation product of ethyl succinyl- 
succinate is ethyl dihydroxyterephthdate and not an  isomeric quinonoid 
substance, and that all the hydrolysis products and salts obtained from 
ethyl dihydroxyterephthalate, whether coloured or  colourless? must be 
derivatives of quinol if fluorescent. G. Y. 

Relation of Colour to Constitution of Acids, Salts, and 
Esters. HUGO KAUFFMANN [and, in part, BURR] (Bey . ,  1907, 40, 
843-846. Compare Abstr., 1906, i, 841 ; Hantzsch, ibid., 833).- 
Hnntzsch has stated that an  appearance, or a change in colour of, ensu- 
ing on the formation of ealts with colourless metallic atoms must be 
ascribed to isomeric change. I n  reply to this and in support of 
his auxochrome theory, the author shows that a true, aromatic 
aldehyde, incapable of undergoing isomeric change, may be 
coloured. 

2 : 5=Dimethoxybenzaldehyde, prepared in a 40% yield by the action 
of nluminium chloride, hydrogen chloride, and hydrogen cyanide on 
quinol dimethyl ether in benzene solution, crystallises in needles which 
appear colourless when observed singly, but greenish-yellow when 
heaped together ; the  substance is greenish-yellow when fused and in 
solution exhibits the same colour phenomena as does nitroquinol 
dimethyl ether, solutions in associating solvents being colourless whilst 
those in dissociating solvents are coloured : in water, greenish-yellow 
with bluish-green fluorescence ; in alcohol, yellow with blue 
fluorescence, and in glacial acetic acid, yellow with bluish-green 
fluorescence. As the corresponding solutions of benzaldehyde are 
colourless, the me thoxy-groups must be auxochromic. 

2 : 5-Dimethoxybenzsldehyde dissolves also in isobutyl alcohol, ethyl 
benzoate, or chloroform, forming solutions with blue or violet 
fluorescence. The fluorescence is ascribed to  the influence of the 
fluorogenic aldehyde group on the luminophoric quinol dimethyl 
ether. 

The yellow potassium salt of salicylddehyde, t o  which Hantzsch 
has ascribed a quinonoid structure, is fluorescent in solution or when 
solid, from which the author argues that it must be, similarly to 
2 : 5-dimethoxybenzaldehyde, a true benzene derivative in which the 
fluorogen is the aldehyde group whilst the potassium phenoxide nucleus 
acts as the luminophore. 

MARCELLIN BERTHELOT (Annalen 
1907, 351, 504--509).-An account is given of certain chemical 
reactions induced by radium rays, reactions of solid. substances under 
the influence of rays which have passed through a gas only, and of 
rays which have passed through varying thicknesses of glass. The 
reactions are compared with those resulting from the action of the 
electric current, of light, and of heat. 

Under the direct influence of radium rays, paper absorbs nitrogen 

G. Y .  

Chemical Action of Radium. 
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and oxygen, forming carbon dioxide and nitrogen compounds analogous 
to those formed when paper in contact with nitrogen is subjected to a 
silent discharge (Abstr., 1899, i, 657) ; the absorption of oxygen is 
similar to that which takes place when paper is heated in air. Nitrogen 
is not absorbed if the radium rays have passed through glass. 

Details of experiments on the action of radium rays on glass and 
on other substances after passing through glass have been published 
previously (Abstr., 1902, ii, 18, 136). 

I n  consequence of the extreme slowness of the reactions, no 
conclusions can be drawn as t o  the individual effect of the a-, p-, or 
y-rays. G .  Y. 

Effect of Temperature on the Ac t iv i ty  of Radium and its 
Transformation Products. HOWARD L. BRONSON (Proc. Roy. Xoc., 
1906, A, '78, 494--500).--The influence of temperature on the 
y-radiation of radium and its transformation products has been exam- 
ined by placing a Eealed quartz tube containing a few tenths of a 
milligram of pure radium bromide in  liquid air or in a platinum 
resistance furnace placed directly below an  electroscope. I n  order to 
protect the electroscope from convection currents of air, it was entirely 
surrounded by another vessel and separated from the quartz tube by 
two layers of asbestos and one of lead with a i r  spaces between them. 
Errors due to changc in the distribution of radium C in the quartz 
tube were avoided by using a quartz tube short in compaiison with 
the diameter of the electroscope. The ionisation measurements show 
no evidence whatevcr of any change in the activity of the transform- 
ation prodncts of radium between - lS0" and 1600". I f  any change 
does take place it must be less than 1% in the case of radium C 
between these temperature limits, or less than 1% for the emanation 
of radium B between the limits - 180" and 1500'. 

The conclusion arrived at by Makower that the rate of decay of 
radium C is increased by a rice of temperature is thus shown to be 
untenable. H. M. D. 

An Attempt to Explain the Radioactivity of Radium.  LORD 
KELVIN (Phil. Mag., 1907, [vi], 13, 313-316).-Assuming tha t  there 
is a position of stable equilibrium for an  electron near the boundary of 
an atom and another position a t  the centre, corresponding respectively 
with very small and very large potential energy, an explanation of 
radioactivity is suggested. An atom is termed "loadedJJ when an  
electron is contained within the range of stability of the central 
position, ' I  unloaded " when no electron is present in this region. 
Starting out with a quantity of radium in which all the atoms are 
supposed to be unloaded, the equilibrium state corresponding with a 
permanent average of loadings and unloadings will require a certain 
interval of time. The energy required for the loading of the atoms is 
taken from the heat energy of the substance, which is thereby cooled 
and takes up heat by conduction and radiation from surrounding 
matter. In the unloading of the atoms, electrons are projected out 
with enormous velocities. Those discharges which send the 
electrons towards the interior of the crystals of the radioactive sub- 
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stance, will, by the recoil, send the unloaded atoms outwards with 
comparatively small velocity. The unloaded atoms which are positively 
charged constitute the a-rays. On account of the much greater 
velocities the /3-particles must be chiefly effective in the heat production 
observed. An  ideal calorimetric arrangement for measuring the 
steady,permanent, thermal effect of radium is described. H. M. D. 

Criticisms of the Disintegration Theory of Radioactivity 
and the Theory of Chemico-Physical Molecular Dissociation. 
JOSE MuBoz DEL CASTILLO ( A n d .  Pis. Quim., 1907, 5, 12--20).-The 
author considers that the fact that  the physical character of the earth’s 
crust has not appreciably changed during the lapse of geological ages 
is opposed to the disintegration theory according to which substances 
such as radium and uranium possess only a limited period of existence. 
The idea is advanced that, intermediate between the atoms of the 
chemist and the molecule of the physicist, there exist, under conditions 
of considerable instability, complexes which are called chemico-physical 
molecules; such would appear t o  be formed by the union of certain of 
the heavy atoms (uranium and thorium) with the inactive elements, 
helium and its congeners. The decomposition or rearrangement of 
such complexes is accompanied by the so-called radioactive phenomena ; 
this view is discussed at some length. W. A. D. 

Radioactivity of t h e  Alkali Metals.  NORMAN R. CAMPBELL and 
ALEXANDER WOOD (Proc. C a d .  PhiL Soc., 1907, 14, 15-21. Com- 
pare Sbstr., 1906, ii, 411).-A comparison of the activities of various 
potassium salts confirms the theory that the activity is an  atomic pro- 
perty. Potassium salts exhibit a radioactivity greater than that of 
any other substance yet examined not containing a so-called radioachive 
element ; this is shown to be due, not to any impurity contained in the 
salts, but to the potassium itself. As measured by its ionising power, 
the activity of potassium is one-thousandth of that of urauium as 
measured by the ionisation caused by the /?-rays of that substance. 
The rays from potassium salts are heterogeneous and vary in 
penetrating power from that of the P-rays of uranium downwards; 
they seem to be able to produce an eEect on a photographic plate. 

The activity of rubidium salts is milch less than that of potassium 
salts, and that oE caesium, lithium, and sodium salts is too small 
t o  measure. W. H. G. 

Production of Radioactivity in Liquids Exposed to  the 
Emanation of Minerals f rom San Rafael de el Espinar. Josh 
MuRoz DEL CASTILLO (Anal. 2%. Quim., 1907, 5, 21-22).-The radio- 
activity of water exposed to the action of the emanation from chalcolite 
increases with the duration of the exposure. 

Conductivity of De-aera ted  Water in Presence of R a d i u m  
Emanations. UGO GRASSI (Atti  R. Accad. Lincei, 1907, [v], 16, 
i, 179-183. Compare Abstr., 1905, ii, 793).-The author finds that 
the emanations of radium produce no sensible increase in the con- 
ductivity of de-aerated water. The increase observed (Zoc. cit .)  in 

W. A. D. 
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liquids in presence of gaa is hence due t o  a specific action of the dis- 
solved gas. In the first few moments, during which the radium 
emanations are passed through the de-aerated water, t.he conductivity 
of the latter exhibits a slight decrease, from 1,537 to 1.530 x 1 0 - 7  
reciprocal ohms, which is probably due to the shaking produced. The 
experiments are to be continued with solutions of acetylene in acetone. 

T. H. P. 

Radioactivity of Certain Fresh-water Springs of the 
Taunus. 111. AUGUST SCHMIDT (Physikul. Zeitsch., 1907, 8,107-1 12. 
Compare Abstr., 1905, ii, 220).-Reference is made to certain observa- 
tions contained in the two previous papers, and it is shown that the 
results can easily be expressed in absolute measure. Monthly measure- 
ments of the radioactivity issuing from two fresh-water springs 
(Wahlsborn and Eiserne Hand) during 1906 indicate that this depends 
on the rate of outflow and on the temperature; it increases with 
increase in the quotient-rate of outflow/temperature. 

Observations have also been made of the radioactivity of the air 
in the immediate neighbourhood of various hot springs. The activity 
is from three to six times as great as that  of the air at some distance 
from the springs. Reference is made to the possibility of this 
circumstance having some physiological significance. H. M. D. 

Radioactivity of Mineral Springs and their Sediments. 
CARL ENGLER and H. SIEVEKING (Zeeitsch. anory. CAem., 1907, 53, 
1--25).-The radioactivity of the water from some hundreds of 
mineral springs in south-west Germany, Austria, and Italy has been 
determined under exactly equivalent conditions, and the result's are 
tabulated. The measurements were made with a special apparatus ; a 
known volume of the water was shaken for half a minute with a definite 
volume of air, and the conductivity of the latter subsequently measured 
in the same vessel with an  electroscope. The apparatus can also be 
employed in a slightly modified form for aetermining the radioactivity 
of solids. 

Thermal springs are in general more radioactive than cold springs, 
but the colder thermal springs are usually more active than the warmer 
ones. The majority of the highly radioactive springs issue from 
granite. Water loses its radioactivity to  a great extent by being 
passed through long pipes. 

The sediment from the hot springs at Baden-Baden is strongly 
radioactive; it contains barium and manganese, but no thorium or 
uranium, It was separated into two parts by boiling with hydro- 
chloric and sulphuric acids, and radium was detected in .the insoluble 
part, whilst the filtrate contained radio-thorium (compare Elster and 
Geitel, Physikccl. Zeitsch., 1905, ii, 720; Hahn, Abstr., 1905, ii, 432, 
789). G. 8. 

The Radioactivity of Spanish Medicinal Springs. VI, 
Josh MuRvz DEL CASTILLO (Anal. 3 i s .  Quina., 1906,4 ,  444-445. Com- 
pare this vol., ii, 62--64).--Measut errients of the radioactivity of 
samples of water from eleven different springs are given. The samplm 
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from the Fuente Aceiias, Lerez, have an  extraordinarily high activity, 
exceeding 10,000 volts per hour per litre ; such a value is greater than 
that hitherto observed for any other mineral spring in Europe. The 
gas and residues from this water are also highly active. The high 
activity of the water would appear t o  indicate that in the neighbour- 
hood of Pontevedra a deposit of radioactive material exists similar t o  
that of the Joachimsthal. W. A. D. 

Decay of Radioactivity of Spanish Mineral Waters. Josh 
MuRoz DEL CASTILLO (Anal. Pis. Quim., 1907, 5, 22-33).-The rate 
of decay of the radioactivity of the water from the hot springs of 
Besaya and Oviedo shows that the principal and almost the sole active 
constituent is radium. Coefficients are given by which the radio- 
activity of samples of these mineral waters can be calculated for 
therapeutic purposes at different periods subsequent to bottling. 

W. A. D. 

Scattering of a-Rays in Metals. B. K U ~ E R A  (Physikul. 
Zeitsch., 1907, 8, 103--107).-The ionisation prodiiced by a-rays 
(from radium P) after passing through screens of two different metals, 
such as aluminium and t in ,  varies according to the order in which the 
screens are placed. I t  is greater when the rays pass through the 
aluminium screen first. The phenomenon is explained by the author 
as being due to the scattering of the raps by the metal screens, the 
scattering power of a metal increasing with its atomic weight. It is 
shown that; the observations of E. Meyer (Physikal. Zeitsch., 1906, 7, 
917) on the ionisation produced by a-rays after passing through suc- 
cessive screens of different metals can be easily accounted for on this 
view. The data agree better with this view than with that of Meyer, 
according to which the a-rays undergo transformation in passing 
through the metal screens, secondary rays being produced which cause 
ionisation, this ionisation being proportional to the absorption of the 
a-rays which takes place in the metals. I H. M. D. 

Ionisation of Various Gases by the a-Particles of Radium. 
No. 2. WILLIAM H. BRAGG (P i~ i l .  Mag., 1907, [vi], 13, 333-357. 
Compare Abstr., 1906, ii, 323).-Further measurements of the relative 
amounts of ionisation produced in various gases and vapours by the 
a-particle of radium C have been made. A method of determining 
the total ionisation due to the a-particles without using large chambers 
and high potentials is described, and the assumptions involved in the 
deduction of the specific ionisation values are discussed. The results 
obtained are in agreement with the view that the ionisation 8t pro- 
duced by a loss of energy 8c of the a-particle is related to the latter 
quantity by the equation 8~=k f (v )8e ,  in which f ( v )  is a function of 
the velocity of the particle and k the specific ionisation of the gas 
under consideration referred to air as standard. The values of k for 
eighteen gases and vapours are recorded. 

The values of the product ka, a being the stopping-power of the gas, 
are also given, and it is shown that these values are nearly related to 
additive properties such its molecular volume and molecular refractive 
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power. Since the values of k for a number of gases are nearly eqursl, 
it follows that the stopping-power is of an additive nature. By 
putting the stopping-power of H, = 0.24, C, = 0.85, 0, = 1-03, C1, = 1 ~’78, 
the calculated stopping-powers of a number of gases are in good 
agreement with the observed values. Apart from its additive 
character the stopping-power of an  atom is found to be nearly pro- 
portional to the square root of the atomic weight. 

Secondary Rontgen Radiation. JOSEPH J. THOMSON (Proc. 
Camb. Phil. SOC., 1907, 14, 109-1 l4).-A very intimate relationship 
is found to exist between the atomic weight of an  element and the 
secondary Rontgen radiation, an  increase in the atomic weight being 
accompanied, except in the case of nickel, by an  increase in the stream 
of radiant energy. The author concludes that the atomic weight of 
nickel is therefore greater than that of cobalt. 

Properties of Uranium and Actinium. MAX LEVIN (Physikal. 
Zeitsch., 1907, 8, 129-133. Compare this vol., ii, 150).-A prepara- 
tion of uranium nitrate which has been kept over calcium chloride for 
some time exhibits irregular variations i n  respect of its &radiation 
when placed in an atmosphere saturated with water vapour. The 
@-activity diminishes rapidly, attains a minimum value, and then 
increases rapidly t o  a maximum, after which a slow fall takes place. 
The explanation suggested is that the original diminution is due to 
absorption of water and the formation of a thin film of solution on the 
surface of the crystals. The increase in  the observed activity is 
accounted for by the greater solubility of uranium X in this super- 
ficial liquid film a2d the slow decrease by the further absorption of 
water. Similar, but smaller, variations are observed in the case of the 
a-radiation. 

Uranium X ,  prepared by boiling uranium nitrate solution 
with animal charcoal and combustion of the carbon, is found to 
emit both a- and @-rays. Measurements of the ionisation produced 
by uranium X with and without interposed screens and magnetic 
field indicate that about 8% of the total activity is due to a-rays. 
The higher value of 34% found by Schlundt and Moore is probably 
due to the fact that easily absorbed secondary P-rays are produced in 
considerable quantity. 

Experiments on the electrolysis of actinium solutions show that 
actinium X can only be separated at the cathode in pure condition if 
actinium and radioactinium have been removed previously. Zinc, 
lead, copper, and silver precipitate actinium A from acid or  ammoniacal 
solutions of actinium X ;  actinium B is also recognisable in the 
product obtained by using zinc and strongly acid solutions. Animal 
charcoal which has been boiled with nitric acid solutions of actinium 
contains large quantities of radioactinium and small quantities of 
actinium A’. Similarly, thorium B is the chief product separated from 
thorium nitrate solutions. H. M. D. 

Ultimate Disintegration Products of the Radioactive 
Elements. Part 11. The Disintegration Products of Uranium. 
BERTRAM B. BOLTWOOD (Amer. J. Xci., 1907, [iv], 23,77-88. Compare 
this vol., ii, 62).-From the analytical data for a large number of 

H. M. D. 

W. H. G. 
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uranium minerals-it is found tha t  the amount of lead in unaltered 
primary minerals from the same locality is proportional to the amount 
of uranium present. I n  primary minerals from different localities, the 
relative proportion of lead is greatest in minerals from the locality 
which, on the basis of geological data, represents the -oldest formation 
and'  is least in minerals from the locality of most recent geological 
formation. The maximum value of the ratio is about six times the 
minimum. The data are considered to prove that lead is the final 
disintegration product of uranium. From the value of the rate of 
decay of radium, regarded as one of the intermediate disintegration 
products, the author calculates the ages of the various minerals. The 
data available also indicate tha t  the amounts of helium in various 
radioactive minerals are of the expected order of magnitude, and in 
no case exceed the quantities which are calculated on the assumption 
that helium is produced according t o  the equation : uranium = lead + 
helium. 

I n  minerals containing uranium and thorium, the proportions of 
these may vary very considerably without exercising any noticeable 
effect on the value of the lead-uranium ratio for the particular locality. 
From this it appears tha t  lead is not a disintegration product of 
thorium. The mineral thorite, in which very little uranium is present, 
contains neither lead nor helium according to published analytical 
data. H. M. D. 

Electriflcation Produced by Heating Salts. JOSEPH J. THOMSON - 
(Proc. Camb. Phil. Soc., 1907, 14, 105--108).-An investigation to  
see if any relation exists between the sign and amount of electricity 
given off when a salt is heated and the chemical nature of the salt. 
It is found tha t  the sign of electrification given off on heating depends 
on the class of the salt and not on the metal, and that it is the same, 
with the exception of the higher oxides of a metal, as tha t  produced by 
friction of the cold, dry, powdered salt or oxide. All the phosphates 
examined gave off positive electricity at a red heat, aluminium phosphate 
to the greatest extent ; nitrates give oft' positive electricity as do likewise 
chlorides, but nothing like so much as the phosphates. Oxides 
when heated give out an  excess of negative electricity, the largest 
quantities being obtained from the oxides of barium and calcium. 

W. H. G. 

Chemical Effects of the Electric Discharge in Rarefled 
Hydrogen and Oxygen. P. J. KIRKBY (Phi!. Mug., 1907, [vi], 13, 
289-312. Compare Abstr., 1905, ii, 236).-Experiments have been 
made to determine the amount of water formed by the passage of 
a coulomb of electricity through one centimetre of the positive column 
in  the discharge through n, mixture of hydrogen and oxygen in 
equivalent proportions, and also to determine the fall of potential in 
the positive column, At a, given gzs pressure this fall of potential is 
independent of the current, whilst at other points of the discharge it 
varies with the current as well as with the pressure. When the 
distance between the electrodes is large, the weight of water formed 
per coulomb is greater for the lower pressures than for the higher. A 
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maximum is reached a t  a pressure of 1.4 mm. of mercury, the water 
formation being smaller in  amount at lower pressurea than this. 
Although at the lower pressures the number of impacts made by an 
ion in moving through a centimetre is smaller than a t  the higher 
pressures, yet this is apparently more than counterbalanced by the 
higher velocities of impact of the ions with the gaseous molecules in  
the former case. Some of the molecules dissociated by impact yield 
ozone, but the proportion of these is relatively small. 

An experiment is also described which confirms the previous con- 
clusion that the cathode column is the region of greatest chemical 
activity. H. M. D. 

Methods of Determining the Internal Resistance of Galvanic 
Cells. WALTER BLOCK (Zeitsch. yhysikal.-Chem., 1907,58, 442-448).- 
The method due to Mance and Lodge is found to be much less accurate 
and trustworthy than the methods which depend on the use of alternat- 
ing currents. The latter methods are discussed and compared. 

J. C. P. 

Electromotive Force of Iron Under Various  Conditions, and 
the Influence of Occluded Hydrogen. THEODORE W. RICHARDS 
and GUSTAVUS E. BEHR (Zeitsch. physikd.  Chem., 1907,58,301-349).- 
For the purpose of this investigation, iron free from all impurity 
except hydrogen has been prepared by dissolving piano-wire of good 
quality in dilute nitric acid, igniting the crystallised nitrate, and 
reducing the oxide in a current of pure hydrogen (compare Richards 
and Baxter, Abstr., 1900, ii, 407). On the assumption tha t  the 
potential of the calomel normal electrode is 0-56 volt, the potential of 
the porous iron prepared by the foregoing method and immersed in a 
normal solution of ferrous sulphnte is found to be 0.17-0.18 volt. 
This value is higher by about 0.02 volt than the potential of pure 
compact iron which has been fused; the difference is probably con- 
nected with the size of the iron particles. The potential of iron is in- 
appreciably affecbed by exposing it t o  very high pressures, by stretch- 
ing i t  to breaking point, or by cooling it rapidly from a high tempera- 
ture. If porous iron is immersed in ferrous sulphate solution, the 
X.M.F. observed slowly increases, probably because it has become 
altered by exposure to the air ; i f  the iron is left long enough in the 
ferrous sulphate solution, a constant E.M.P. is attained. Finely- 
divided iron, obtained by reduction atl comparatively low temperatures, 
has the power of absorbing hydrogen, but the potential of the metal is 
not appreciably affected thereby, unless the surFace is fully charged 
with hydrogen, when the potential is somewhat lowered. When iron 
which has been heated in an atmosphere of hydrogen or nitrogen is 
suddenly cooled by plunging into water, i t  absorbs hydrogen from the 
water in a specially active form, in virtue of which the poteutial 
is raised by about 0.15 volt. This hydrogen is not readily removed 
when the iron is kept in water or potassium sulphate solution, but is 
rapidly expelled when the iron is immersed in ferrous sulphate solution, 
the potential returning to its normal value. The active hydrogen 
occluded by iron in this way seems to be of the same nature as tha t  
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taken up by iron in presence of nascent hydrogen originating either 
from chemical or electrolytic processes. It is probable that this active 
hydrogen is in the atomic condition, although not ionised. 

Relation Between C u r r e n t  and Potential Difference at the 
C a t h o d e  and Anode in the Electrolysis of Solu t ions  of 
Iodine in Potassium Iodide. E R ~ C H  BRUNNER (2eitsch.physikaZ. Chern., 
1907, 58, 1--126).-The experiments recorded in the paper were 
undertaken in the attempt t o  decide whether the cathodic reduction of 
iodine to iodine ion and the anodic oxidation of iodine ion to iodine is 
to be regarded as purely a diffusion process for all potential differences. 
Solutions of iodine in potassium iodide with excess of potassium 
chloride and a little hydrochloric acid were used, and the polarisation 
was measured between the platinum observation electrode, through 
which a current of known strength passed, and a platinum auxiliary 
electrode, through which no current passed. The values thus observed 
(6) for the polarisation were compared with those calculated (E,,)  on the 
supposition that the polarisation is determined only by the concentra- 
tion of iodine and iodine ion a t  the electrode; in  other words, that  for 
a given polarisation the current strength depends simply on diffusion 
velocities. For the purpose of this calculation it was necesssry to 
determine the ratio of the diffusion coefficients for the ions I’ and I’3; 
this was found = 1 *5. It was shown also that the diffusion coefficients 
of I, and 1‘, have practically the same value. 

Only for a very dilute solution of iodine was the relation c = e d  
found to be verified. I n  other cases the relation between these two 
quantities is adequately represented by the equation c = Q, + I(oo + a’), 
where I is the current strength. The factor w,+w’ is the apparent 
resistance between the observation electrode and the auxiliary 
electrode; W, is constant for a given arrangement and a given con- 
ductivity of the solution ; O’ represents the real difference between 
calculation and experiment, and for a given arrangement and a given 
conductivity of the solution depends only on &/dI. The difference 
between calculation and experiment is attributed by the author to un- 
equal distribution of current density and potential over the electrode, 
but experiments made with varying conditions are not decisively in 
favour of this explanation. 

The paper deals also a t  considerable length with various theoretical 
points bearing on the subject of electrolytic oxidation and reduction. 

J. C. P. 

J. C. P. 

Electrolysis Through Precipitation Films. W. 8. MILLAR 
and WILLIAM W. TAYLOR (Proc. Roy. SOC. Edin., 1906, 26,447-463). 
-Measurements have been made of the resistance which precipitated 
films of aluminium and chromium hydroxides offer to the motion of 
various ions. For the experiments, a U-shaped vessel with a narrow 
tube connecting the wider limbs was used chiefly. It was cut into two 
equal parts, the edges carefully ground, and a brass coupling joint was 
cemented on in such a way that the diaphragm could be mounted, 
liquid-tight, between two rubber washers. Porous earthenware was 
found to give the best results as diaphragm material. In order to avoid 
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the enclosure of foreign soluble salts by the precipitated film the 
following procedure was adopted. Fairly concentrated solutions of 
ammonium chloride were placed in each compartment of the cell and 
the electrical resistance was measured. Equally concentrated ammonium 
chloride solutions, the one containing a considerably smaller quantity 
of ammonia, the other an  equivalent quantity of aluminium chloride, 
were then introduced into the separate compartments and measure- 
ments of the resistance made from time to time until constant results 
were obtained, The conductivity of solutions of ammonium chloride, 
bromide, and sulphate is reduced by a film of aluminium hydroxide 
prepared in this manner to the extent of 3, 7, and 20% respectively, 
and this difference is attributed to the different effects exerted on 
the anions. A similar but smaller difference is found for the cations 
when ammonium, potassium, and sodium sulphate solutions are com- 
pared. When the results obtained with films of aluminium and 
chromium hydroxide are compared, the ions arrange themselves in the 
same order, although the magnitude of the diminution of the con- 
ductivity is different in the two series. The values obtained for the 
diminution in the conductivity of a particular solution are not all 
identical, but appear to group themselves around two values. This 
effect is supposed t o  be due to the existence of more than one modifi- 
cation of the colloidal film. 

The temperature coeEcient of the conductivity of an  ammonium 
sulphate solution divided into two parts by a chromium hydroxide film 
is much greater than for ammonium sulphate solution alone. This is 
supposed to be due to a change in the nature of the precipitation film. 

The conductivity of solutions of sodium ammonium d- tartrate and 
racemate is diminished to the same extent, and from this the conclusion 
is drawn that the racemate solution does not contain any considerable 
proportion of racemate ions. H. M. D. 

Electrolytic Applications of Al t e rna t ing  Currents. ANGELO 
COPPADORO (Gaxzetta, 1906, 36, ii, 693-733. Compare Abstr., 1906, 
ii, 214, 849).--This paper is divided into three parts, the first deal- 
ing with the industrial use of alternating currents in electrolysis, the 
second with t h e  aluminium valve-cell or rectifier, and the third with 
the behaviour of nickel electrodes towards alternating currents. 

Using ordinary alternating currents with a periodicity of 42 per 
second, the process of Richards and Roepper (Eng. Pat., 9637 and 
9638, 189s) for the preparation of insoluble compounds cannot be 
applied to the manufacture of the sulphides of zinc, cadmium, &c., the 
yields being very small. With electrodes of lead and solutions of 
sulphuric acid, however, these alternating currents give good yields of 
lead sulphate; the best energy yield is obtained with 50% acid, the  
difference of potential a t  the electrodes not exceeding 4 volts. The 
action on the lead seems to depend on the formation of persulphuric 
acid during the anodic phase. 

The experiments with the aluminium rectifier show that by this 
means it is impossible to resolve the alteruating current completely 
into two equal and opposite direct currents; .two new alternating 
currents are always obtained in which one phase has an intensity much 
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greater than that of the other, the ratio between the two intensities 
being variable. 

With sulphuric acid having a concentration between 5 and 40%, 
nickel is dissolved almost quantitatively under the action of an alter- 
nating current when the density of the latter exceeds 50 amperes per 
sq. cm. With densities lower than this value, the condition of the sup- 
face of the electrodes exerts a considerable influence on the amount 
of metal dissolved. With 50-60% sulphuric acid, the yield of dis- 
solved nickel first increases to a maximum with augmentation of the 
current density and subsequently diminishes considerably, indicating 
that the metal becomes passive; at the same time, oxygen appears 
mixed with the hydrogen evolved. The amount of nickel dissolved is 
increased by the presence in the acid of oxidising agents such as 
potassium permanganate or hydrogen peroxide, or even by the passage 
of air through the electrolyte. The current yield of nickel dissolved in 
other acids, such as hydrochloric, nitric, and acetic acids, is also high. 
Using potassium chloride soltition as electrolyte, the current yield of 
dissolved nickel never exceeds about 10% ; hydrogen unmixed with 
chlorine is evolved, nickel hydroxide is precipitated, and the electrodes 
become coated with a thin, black film of finely-divided nickel, Addition 
of potassium hydroxide to the chloride lowers the yield considerably, 
and increase of the current density then causes further diminution in 
the yield, the nickel exhibiting the passivity it presents in alkaline 
solutions under the action of a direct current. When sodium nitrate 
solution is used, the passivity is perfect, no nickel being dissolved or 
gas evolved ; with sodium chlorat,e, the passivity is almost perfect, 
but with potassium sulphate, slightly more nickel is dissolved, nickel 
hydroxide being also formed. T. H. P. 

Mobility of Ions in Water. KARL DRTJCKER (Zeitsch. EZeklro- 
chem., 1907, 13, 81-8S).-Using the best experimental material 
available, tho mobilities of some ions in aqueous solution a t  18’ are 
recalculated. The values obtained are : K = 64.4, Na = 42.7, Ag = 54.0, 
H = 313, C1= 65.2, NO, = 62.3, $30, = 66.7. I n  salts of heavy metals, 
the anions appear to have different mobilities. T. E. 

Speciflc Heat of Gases at Constant Volume and High 
Pressure. W. A. DOUGLAS RUDGE (Proc .  Camb. Phil. Soc., 1907, 14, 
85-89).-The mean value for the specific heat of carbon dioxide a t  
constant volume and under a pressure of approximately 420 atmo- 
spheres is found to be 0.45, the gas employed being that sold in small 
bulbs or “sparklets” used for aerating water. Incidentally, it is 
shown that the latent heat of liquid carbon dioxide at the critical 
tompirature is zero. W. H. G. 

Specific Heat of Calcium and Lithium. ARCIERO BERNINI 
(Physikal. Zeitsch., 1907, 8, 150--154).-The specific heats of calcium 
and lithium have been measured between 0” and 157” by means of a 
Bunsen ice calorimeter. The following results were obtained : calcium, 

lithium, U-19 3O, 0.8366 ; 0-78”, 0.9875 ; 0-looo, 1,0925 ; 0-157’, 
0-20.3’, 0.1453 ; 0-7S0, 0.147 ; 0--looo, 0.189 ; 0--157O, 0.1521 ; 
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1.3215. The specific heat of lithium thus increases very rapidly with 
the temperature. Comparing the rate of increase in the case of lithium, 
sodium, potassium and calcium, it is found tha t  this increases with 
decreasing atomic weight. Previous determinations of . the specific 
heat of sodium and potassium have been repeated with the same result, 
and the author draws the conclusion that the much higher values 
obtained by Joannis are due to impurities in the material used. 

H. M. D. 

Molecular Attraction. VI. The Mutual Neutralisation of 
the Attraction by the Attracted Partides and the Nature of 
Attractive Forces. JAMES E. MILLS (J. Physical Chenz., 1907, 11, 
132-166. Compare Abstr., 1906, ii, 216)-The question as to whether 
the validity of the equation ( L  - E)/( v d  - VD) = constant, where L is 
the latent heat of vaporisation of a liquid, E the energy spent in over- 
coming external pressure, and d and D are the densities of the liquid and 
vapour, may be due to  the attraction between the molecules operating 
otherwise than according to the law of inverse squares is discussed. A 
more rigorous deduction of the equation is given and the experimental 
evidence in favour of i t  is summarised. Applying Helmholtz’s method 
of calculating the amount of energy given out by the contraction of 
the sun to the process of the vaporisation of a liquid, the result is 
obtained that the work done should vary as the five-thirds power of 
the mass, and that the equation ( L  - E)/(  { d  - YO) =constant should 
only be valid when a constant mass of liquid is taken. An explanation 
of the apparent contradiction is suggested, which involves a new con- 
ception in regard to the operation of attractive forces in general. 
According to this, the attractive forces proceeding from a particle, 
whatever their nature, whether chemical, molecular, magnetic, elec- 
trical or gravitational, have a finite value. If this attractive force is 
exerted on another particle, the amount of the attraction remaining 
for operation on other particles is diminished by an  exactly equivalent 
amount. As a consequence of this view it follows that all these 
various attractive forces are measured by the amount of the attraction 
neutralised, and the idea that the gravitational attraction, for instance, 
of a particle can remain undiminished regardless of the amount of the 
attraction which it exerts on other particles,’ is claimed by the author 
to be contrary to the law of the conservation of energy. H. M. D. 

Thermal Investigation of an Anisotropic Liquid. L. ROTIN- 
IANTZ and .TH. ROTARSKI (J. Russ. Phys. Chem. Soc., 1906, 38, 
782--789).-The anisotropic or liquid crystalline substance, 4-meth- 
oxy-4’-ethoxyazoxybenzene or p-anisoleazoxyphenetole, 

OMe* C,H,*N,0*C6H,*OE t, 
is shown to  be a mixture of dimethoxy- and diethoxy-azoxybenzenes. 
Curves are drawn showing the variation in melting points, and the 
transparency of different mixtures of these substances, from which it 
is evident that  there is no relation between the transparency and 
melting point curve8. The transparency curve is a straight line 
which satisfies the equation T= (wt + ult,) / (w + ul), where t ,  t ,  are the 
temperatures of transparency of the respective substance ; and u, zcl 
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the respective number of molecules present in the mixture. Riesing’s 
compound, having an  anisotropic phase, 9 4--149*6O, was probably a 
50% mixture, but those obtained by others were probably not free 
from azo-compounds. It is considered that, in general, methoxyethoxy- 
azoxybenzene cannot exist, for, whenever an attempt is made to produce 
such a compound from the corresponding nitro- and hydroxylamine 
derivatives, the two respective azoxy -compounds are obtained, but 
never a mixed derivative such as the one in question. Z .  K. 

Behaviour of Cer ta in  S u b s t a n c e s  at their Crit ical  Tempera- 
tures .  ISIDOR TRAUBE (Zeitsch. physikal. Chern., 1907, 58, 475-478. 
Compare Abstr., 1904, ii, 110, 237 ; also Teichner, Ann, Physik, 1904,- 
[ iv], l3,595).-A criticism of Travers and Usher’s recent work(this vol., 
ii, 8). Relying chiefly on Teichner’s experiments (Zoc. cit.), the author 
maintains that the temperature at which the meniscus disappears is not 
the true critical temperature. If it is permissible to speak of a critical 
temperature a t  all, it must be considerably higher than the tempera- 
ture of Cagniard de IaTour. The author suggests that the conception 
of a ‘‘ critical temperature ” should be replaced by that of a ‘‘ critical 
temperature period ” extending over a definite range of temperature, 

J. C. P. 

Variation of V a p o u r  Tension as a Function of the Tempera- 
ture and the Determination of Ebullioscopic Cons tan ts .  
CEOHGES BAUME and D. E. TSAEALOTOS (Conzpt. rend., 1907, 144, 
373-376).-The latent heat of vaporisation L of a liquid can be 
calculated (neglecting the volume of the liquid compared with that of 
the vapour) from the equation L= RT2/JMp.dp/d17, where J is the 
mechanical equivalent of heat, p the vapour pressure, H the molecular 
weight of the vapour at the absolute temperature T, and R the gas 
constant ; and also from van’t Hoff and Le Chatelier’s expression, 
L = 0.02 PIE. By equating these two values of L the relation cZp/dZ’= 
O*OlMp/E is obtained, E being the molecular elevation of the boiling 
point of the liquids as solvents, and the ratio B/Jbeing taken as equal 
to 2. This relation can be used to study the variation dp./dT of the 
vapour tension with the temperature, at temperatures near the boiling 
point, under the pressure p ,  provided the value of E (which varies with 
p )  is known, and has been employed by the authors to calculate the 
elevation AT’ of temperature corresponding with a variation of pressure 
Ap of 1 mm. (initial pressure 760 mm.) for the liquids water, alcohol, 
ether, acetic acid, acetone, chloroform, ethylene dibromide, benzene, 
aniline, phenol, carbon disulphide, and sulphur dioxide. The values of 
E experimentally obtained by Beckmann were used in the calculation, 
and the’ numbers obtained agree very well with those obtained by 
experiment, in the case of all the liquids except acetic acid. I n  the 
latter case the deviation is due to polymerisation of the vapour, and 
applying the necessary correction to the molecular weight M gives a 
result agreeing with experiment. 

Conversely the same equation can be used to calculate the molecular 
elevation E of the boiling points of liquids of which the molecular 
weight and variation of vapour tension with temperature are known. 
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The values of E for the above liquids so obtained (taking p = 760 mm.) 
agree well with the experimental numbers, and fairly well with those 
obtained by van% Hoff’s expression (compare Beckmann, Fucbs, and 
Gernhardt, Abstr., 1896, ii, 236). This equation also shows that E is 
not constant, but increases proportionately to the pressure, dp/d T 
being practically constant for &mall variations i n p  (compare Beckmann, 
Abstr., 1890, 323; 1891, 389). The values of E for water at 70°, 
looo, and 130’ calculated both by this and by van’t Hoff’s equation are 
given. 

Finally, the authors’ equation shows that two substances having the 
same value for the ratio E / M  have the same variation in their vapour 
tension. This agrees with the kinetic theory. E. H. 

Is it Permissible to Draw Conclusions M to the Molecular 
Condition of. a So lven t  from an Abnormal Boiling Point 
Elevation Observed for a Dilute Solution 3 JOHANNES J. VAN 
LAAR (Zeitsch. physikal Chew., 1907, 57, 742-’744).-The answer is in 
the negative, but it is remarked that some information as to the mole- 
cular condition of the solvent might be obtained from abnormal 
elevations of the boiling point for concentrated solutions. Incidentally, 
it is pointed out that in the vapour pressure and boiling point formulae 
for dilute solutions the ratio n/N,  and not n ] ( N + n ) ,  should appear. 

J. C. P. 

Molecular Weight Determinations of Oils and Fats. WIL- 
HELM NORMANN (Chem. Zeit., 1907, 31, 21 1-214).--The molecular 
weights of various vegetable and mineral oils have been determined by 
the crgoscopic and ebullioscopic methods in order to see how far these 
methods are applicable in these cases. It is found that the mol. 
weights of glycerides cannot be so determined. The values obtained 
by the cryoscopic method for castor, olive, rape, and train oils, using 
phenol or nitrobeozeno as solvent, are in dilute solutions smaller than 
those calculated from t he saponification values, but increase considerably 
as the concentrat’on increases; on the contrary, when benzene is the 
solvent the reverse is the case, high values for the mol. weight being 
obtained in dilute solutions, which become smaller as the concentration 
increases. Similar results are also obtained by the ebullioscopic method, 
using benzene, chloroform, carbon disulphide and ether as solvents, 
very high values for the vegetable oils being obtained in dilute solu- 
tions, which diminish as the concentration increases. 

The values obtained for mineral oils by either method, using beazene 
as solvent, are not affected to any great degree by the concentration, 
the oils having the greatest viscosity giving the greatest values for the 
molecular weight. W. H. G.  

Cryoscopic Behaviour  of Iodoxy-derivatives in F o r m i c  Acid. 
LUIGI MASCARELLI and MEDARDO Rl ARTINELLI (Atti R. Accad. Lincei, 
1907, [v], 16, i, 183--186).-The authors have determined the inole- 
culnr weights of various iodoxy-derivatives in  freezing formic acid, the 
results being as follow. lodoxybenzene, 207.3 and 217.3 instead of 236 ; 
o-iodoxytoluene, 183.1,188* 1, and 182.9 instead of 250; m-iodoxytoluene, 
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178.4-21 7.4 instead of 250 ; and p-iodoxytoluene, 219°9-220-8 instead 
of 250. These low values are probably to be explained in the same 
way as the abnormal numbers obtained for nitro-derivatives in formic 
acid by Bruni and Berti (Abstr., 1900, ii, 591, 592). T. H. P. 

Critical Solution Temperature of Ternary Mixtures. J. 
TIMMERMANS (Zeitseh. physikal. Chqn., 1907, 58, 129--213}.-Naphtha- 
lene, anthraquinone, camphor, benzophenone, and benzil are all found 
to raise the critical solution temperature of mixtures of phenol and 
water, apparently because these substances are soluble in only one of 
the components of the binary mixture. Similarly, the critical solution 
temperature of the system phenol + water is raised by the addition 
of salts, such as potassium chloride, potassium bromide, and sodium 
chloride, and the molecular elevation of the critical solution temperature 
is abnormally great in these cases. If the third added substance, for 
example, azobenzene or boric acid, is soluble in both liquids, but in 
very different degrees, the critical aolution temperature is still raised, 
but the molecular elevation is abnormally small. Lastly, if a third 
substance be added, the solubilities of which in the two liquids are ol 
the same order of magnitude, for example, salicylic acid, mercury 
cyanide, or sodium oleate, the critical solution temperature is lowered. 
Besides the system phenol + water, the systems succinonitrile + 
water and hexane + nitrobenzene have been examined, and similar 
results have been obtained. The phenomena here observed are 
apparently governed by laws analogous to  those deduced by Cent- 
nerszwer (Abstr., 1904, ii, 158 ; see also van Laar, Abstr., 1905, .ii, 
434; Biichner, Abstr., 1906, ii, 71) and van't Hoff (Abstr., 1904, ii, 
237) for the critical temperature of vaporisation. 

A liquid mixture containing two completely miscible components 
may frequently be made to separate into two phases by the addition of 
a third substance. Salts are especially effective in this direction, and 
the author has studied the effect of potassium bromide in salting out 
propyl alcohol from water. Consideration of the critical solution 
temperatures for the higher alcohols and water indicates that for prop91 
alcohol and water the centre of a hypothetical saturation curve should 
be about 50°, that  the upper critical solution temperature should be 
about 30°, and the lower critical solution temperature about 70". 
Addition of potassium bromide, it is supposed, raises the upper critical 
solution temperature (30") and depresses the lower critical solution 
temperature (70") until a condition of saturation i g  reached. The con- 
ception of the existence of a negative saturation curve for systems of 
two completely miscible liquids is used to interpret various properties 
of solutions. 
In the case of two liquids that are very slightly soluble in each 

other, it may be supposed that the upper critical solution temperature 
lies above the higher boiling point, and that the lower critical solution 
temperature lies below the cryohydric point. The addition of a little 
quinol to the system water + sec.-butyl alcohol raises the lower critical 
solution temperature above the freezing point of the mixture, and the 
addition of much quinol makes the alcohol and the water miscible in 
all proportions at all temperatures. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
07

. D
ow

nl
oa

de
d 

on
 2

9/
10

/2
01

4 
12

:0
4:

56
. 

View Article Online

http://dx.doi.org/10.1039/ca9079205205


230 ABSTRACTS OF CHEMICAL PAPER6. 

Ternary systems of three liquid components are discussed st length 
from the point of view of the phase rule, and several cams have been 
found where three liquid phases occur ; an  example, specially suitable 
for demonstration, is furnished by the system water + nitrobenzene f 
hexane. 

When the salts are arranged in the order of their ability to muse 
the system water + propyl alcohol (or water + pyridine) to separate 
into two layers, or in the order of their power to raise the upper 
critical solution temperature of the system water + phenol, the order 
is roughly the same as when they are arranged according to the magni- 
tude of their influence on the solubility of phenylthiocarbamide (see 
Rothmund, Abstr., 1900, ii, 467 ; Biltz, Abstr., 1903, ii, 358). 

Experiments are described showing that the analogy between the 
critical temperature of vaporisation and the critical temperature of 
solution extends also to the phenomena of retrograde separation into 
two phases, and retrograde solidification. By reference to the behaviour 
of the system water+ether+cadmium iodide, it is shown that the 
parallelism between the critical temperature of vaporisation and the 
oritical temperature of solution may be explained by the continuity of 
the liquid and gaseous states. 

Use of Oxygen, Prepared Electrolytically, in Experiments 
with Berthelot’s Calorimetric Bomb. PAWEL W. ZUBOFF (J. 
Rws. Phys. Chem. Soc., 1906, 38, 1123-1128. Compare Abstr., 1904, 
ii, 382).-l?urther experiments, in which oxygen containing varying 
proportions of hydrogen was employed, show that only that part of 
the hydrogen mixed with the oxygen actually used up in the calori- 
metric bomb undergoes combustion. The correction regarded by 
Berthelot (Abstr., 1903, ii, 70) as necessary when electrolytic oxygen 
containing small quantities of hydrogen is employed in the calori- 
metric bomb must hence be reduced to about 20% of the value given. 

J. C. P. 

T. H. P. 

Heate of Combust ion  and of Formation of Certain Nitro- 
genous Substances of Physiological Importance. MARCELLIN 
BERTHELOT and PHILIPPE LANDRIEU (compt. vend., 1907, 144, 
457-459).-A sample of hzematin consisting of brilliant dark violet 
crystals gave on analysis : C, 64.0%; H, 5.1%; N, 9.9%; Fe, 9*9%, and 
0, 11.1%. The heat of combustion of 1 gram is 5231 cal. a t  constant 
volume or 5236 cal. at constant pressure. The heat of formation of 
1 gram is + 1691 cal. 

A sample of bilirubin, a non-crystalline brown powder, gave on 
analysis : C, 66.01%; H, 6.01%; N, 9.03%; and 0, 18.95%; the formula 
suggested being C,,H180,N,. The heat of combustion of 1 gram is 
6787 cal. at constant volume and 6793 cal. at constant pressure. 
Molecular heat of combustion, 2051.5 Gal. The molecular heat of 
formation, 454.5 Oal. 

A sample of hzemoglobin (from the horse) formed brilliant, dark red 
noedles. The heat of combustion of 1 gram of the substance dried 
over sulphuric acid is 5822 cal. at constant volume or 5836 cal. 
at constant pressure; or for the substance dried at 115’ becomes 
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5889 cal. at constant pressure. Berthelot and Andre obtained 5914.8 
cal., and Stohmann (Abstr., 1892, 141) obtained 5886 cal. Berthelot 
and Andrh’s analysis leads to the value 1091 cal. for the heat of 
formation. E H. 

Heat of Dilution of Concentrated Solutions. G. RUMELIN 
(Zeitsch. physikal. Chem., 1907,*58,449-466).-The double calorimeter 
described by Steinwehr (Abstr., 1901, ii, 641) has been :employed, but 
in addition to the electrical method of standardisation used by tha t  
worker, the device has been adopted of adding a known quantity of 
heat by introducing a slightly warmed Beckmann thermometer bulb 
(a so-called calorifer). The accuracy of the apparatus has been 
improved, and it is possible to measure heat effects of the order of 
1 gram calorie to within 1%. By way of testing the apparatus, the 
heat effect of the reaction H2 + &02 = H20 was found from the explosion 
of 6-7 cub. cm. of electrolytic gas to be 68150 cal. at constant pressure. 

The author’s object was the determination of the differential heat 
of dilution ( Q ) ,  that  is, the heat effect (referred to 1 gram mol. of 
solvent) produced when a very small quantity of solvent is added to a 
large quantity of solution. The value of Q has been determined for 
solutions of numerous substances, the most interesting of which 
perhaps was sulphuric acid. According to Thomsen, 6&(,,/6x = 
32150/(x+ 1*798)2 cal., where x is the number of molecules of water 
per molecule of sulphuric acid, but it is shown that this formula is not 
valid for values of x greater than 10. I t  is shown further that  
for values of x between 10 and 32, the experimental values for the 
differential heat of dilution are in good agreement with those given 
by the empirical formula 6&,,,/6x = - 558/x + 28120/x2. J. C. P. 

Organic Solvent and Ioaising Media. VI. Heats of Solution. 
PAUL WALDEN (Zeitsch. physikal. Chem., 1907, 58, 479-511. Com- 
pare Abstr., 1904, ii, 227; Abstr., 1906, ii, 149, 335, 336, 527).-The 
variation with temperature in the solubility of sparingly soluble 
electrolytes in water has been shown to be in harmony with the 
equation dloge(iC)/dT= q/2i112 (see van’t Hoff , Zeitsch. ~hgsikcd,  Chem., 
1895, 17, 147, 546;  Goldschmidt and Maarseveen, Abstr., 1898, 
ii, 152 ; Noyes and Sammet, Abstr., 1903, ii, 468). The author’s 
work shows that this formula is valid also for non-_aqueous solutions 
of binary electrolytes. The suppositions which are at the foundation 
of the osmotic theory of electrolytes, and which are involved in the 
foregoing formula, may be expressed by the three equations : (1) 
PV=iRT; (2) i =  1 + (n - 1)a ; (3) a = h/A, ; the author’s work 
justifies the use of these relationships in dealing with solutions of 
electrolytes in organic solvents. The results obtained furnish also 
a confirmation of Le Chatelier’s theorem regarding the relation 
between the variation of solubility with temperature and the sign 
of the heat of solution. The equation deduced by van Laar (see 
Abstr., 1895, ii, 494) may also be used to calculate the heats of solu- 
tion in good agreement with experiment; the values calculated by 
van Laar’s equation are somewhat smaller than those calculated by 
van’t Hoff’s equation, already referred to. 
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For the purpose of this investigation, the specific heats of a number 
of organic solvents were determined, with the results recorded in the 
following table, The calorimeter employed was a four-walled Dewar 
vacuum vessel : 

Liquid. 
Methyl alcohol.. ................ 
Ethyl alcohol .................. 
Acetone ....................... 
Salic y laldeh yde ............... 
Formamide ..................... 
Acetonitrile ..................... 
Propioni trile . . . . . . . . . . . . . . . . . . . . .  
Nitrome thane . . . . . . . . . . . . . . . . .  
Nitro ben zene . . . . . . . . . . . . . . . . .  

Temperature. 
18-20' 
16-2 1 
17-20 

18 
19 

17-19 
14-17 
15-19 

20 

Mean specific heat. 
0-603 
0.577 
0.515 
0.382 
0 551 
0.518 
0.510 
0.41 2 
0-386 

The author has further determined (1) the heats of solution of 
potassium iodide, tetraethylammonium iodide, and tetrapropyl- 
ammonium iodide in the foregoing solvents; (2) the solubility of 
tetraethylammonium iodide and tetrapropylammonium iodide in the 
same at 0' and 25'; and (3) the conductivity of these two salts when 
dissolved to saturation in  the foregoing solvents a t  Oo and 2 5 O .  

J. 0. P. 

Determination of Viscosity. KARL BECK and K. EBBINGHAUS 
(Zeitsch. physikal. Chern., 1907, 58, 409-419).--The viscosity of 
water in which castor oil has been suspended by shaking is not  
appreciably altered, even when the oil amounts to as much as 10% 
of the water. If, however, the oii and the water are made into an  
emulsion with the help of gum arabic the viscosity constant of the 
water is markedly increased. 

I n  the case of a liquid of high specific gravity and low viscosity, the 
usual method of allowing the liquid to flow through a long, narrow 
capillary under pressure gives too high values for the viscosity. The 
difficulty is got over to a large extent by allowing the liquid to  flow 
slowly against an opposing pressure (see Beck, Abstr., 1904, ii, 646), 
and chloroform has been examined in detail from this point of view. 
A t  25Othe viscosity constant for chloroform is 0.60, that  for water 
being taken as = 1 .  J. C. P. 

Relative Viscosity. KARL BECK, WILHELM TREITSCHKE, and K. 
EBRINGHAUS (Zeitsch. physikal. Chem., 1907, 58, 425--441).-Experi- 
ments on the viscosity of fused mixtures of p-dichloro-, p-chlorobromo-, 
and pdibromo-benzene, and of mercuric bromide and iodide show that 
the viscosity of isomorphous mixtures is approximately a linear func- 
tion of the composition. It is shown that the presence of amorphous 
sulphur in fused, crystalline sulphur reveals itself in an  increased 
viscosity constant. From viscosity measurements it appears that  the 
compounds phenol + p -  toluidine, a-na.phtho1 + p-toluidine, and phenol 
+ a-naphthylamine (see Philip, Trans., 1903, 83, 814) exist to a 
certain extent as such even when fused, but that they are largely 
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dissociated into their components. As the temperature rises the extent 
of the dissociation increases. J. C. P. 

Cdcdation of the Vapour Density of Dissociating Sub- 
stances. OTTO BRILL (Zeitsch. physikal. Chem., 1907, 57, 721-738).- 
Working out the theory recently brought forward by Nernst (Abstr., 
1906, ii, 727), and making one or two approximations, the author 
arrives at the formula log(1- xZ)/x2P== - Q/4*571T- 1.7510gY'- 3 for 
a dissociating system of the type A B  A + B. I n  this formula, Q is 
the heat of dissociation per molecule of AB, and x is the degree of dis- 
sociation at the pressure P and the temperature T, The formula 
makes possible the calculation of the temperature a t  which a dissociat- 
ing substance is dissociated to any given extent x, provided the heat of 
dissociation is known, Tested by available data for nitrogen per- 
oxide, acetic acid, formic acid, amyl bromide, bromine, phosphorus 
pentachloride, and methyl ether hydrochloride, the formula is satis- 
factory. 

The Nernst equation fo r  non-homogeneous equilibria, logp = 
- &'/4*571T+ 1*751ogY'+ C, has been tested, and it is shown tha t  the 
formula permits the calculation with satisfactory accuracy of the disso- 
ciation temperatures for carbonates and nitrates. J. C. P. 

Rela t ion  Between Osmotic Pressure and Surface Tension. 
ANCIELO BATTELLI and ANNIBALE STEFANINI ( A t t i  22. Accad. Lincei, 
1907, [v], 16, i, 11-22. Compare Abstr., 1905, ii, 629).--The law 
previously enunciated by the authors (Zoc. cit .)  stating tha t  dilute 
solutions having equal surface tensions, although not equimolecular, 
are in osmotic equilibrium, is shown to be deducible from simple 
theoretical considerations independently of any hypothesis as to the 
nature of osmotic pressure. Further experimental results are given 
which confirm this law. It is also shown that if two dilute solutions 
are isosmotic, they have the same surface tens:ons and the same 
vapour pressures. 

When two solutions having either equal vapour pressures or equal 
surface tensions are suficiently concentrated to cause their specific 
gravities to differ appreciably, the one with the lower specific gravity 
will have the higher osmotic pressure. This is illustrated by solutions 
of sodium chloride (U 1.03) and sucrose (D 1.14) having equal 
vapour pressures and by solutions of barium chloride (D 1.168) and 
potassium nitrate (D 1.062) having equal surface tensions. 

From the above properties of solutions the authors conclude that a 
semi-permeable membrane consists af a network of small bubbles of 
vapour communicating, on the one hand, with the pure solvent and, on 
the other, with the solutions, by means of capillary tubes. The passage of 
the solvent from one side to the other then proceeds by the evaporation 
of the liquid and the subsequent condensation of the vapour. The only 
substances which, when dissolved in  a liquid, do not traverse freely a 
semi-permeable membrane separating the solution from the pure 
solvent are those which do not pass from the dissolved to the vaporous 
state. T. H. P. 
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Ionic Migration in the Natural Diffusion of Acids and B a h  
Phenomena in the Diffusion of Electrolytes. REGINALD GRAHAM 
DURRANT (Proc. Roy. Soc., 1906, A, '78, 342-379).-0bservations on 
the diffusion of acids into jellies, of acids into ferric solutions without 
the use of jellies, and of concentrated solutions of sodium chloride, 
calcium chloride, and silver nitrate into distilled water are recorded. 
Using litmus as indicator, the formation of definite zones with sharply- 
defined boundaries is observed. When, for example, water is placed 
over a concentrated calcinrn chloride solution, both being coloured 
purple by the addition of litmus, a blue and a bleached zone are 
formed. The ratio of the distances of the upper boundaries of these 
zones is very nearly the same as the ratio of the mobilities of the 
calcium and the chlorine ions. I n  a similar experiment with silver 
nitrate, four distinct zones are produced. Starting from the bottom, 
the  lowest zone contains precipitated silver, the next is colourless, the 
third blue, and the uppermost red. The distances of the upper 
boundaries of the several zones from the original surface of separation 
are approximately in t h e  same ratio as the mobilities of the silver, 
nitrate, hydroxyl, and hydrogen ions. The observations are regarded 
as evidence that ionic separation takes place to an  appreciable extent 
in natural diffusion processes. The hydrogen ions appear to move in 
advance of the diffusion front, whereas the other ions produce their 
characteristic effects in the rear of this. For the details .of the 
experiments the original must be consulted. The data, generally, are 
in agreement with the theory of Nernst and Planck. 

Separation of Colouring Matters by Diffusion. ERICH 
LEHMANN (Zeitsch. physikal. Chem., 1907, 57, 718-720).-Some pre- 
liminary experiments show that when a glass tube filled with 5-10% 
gelatin or 2% agar-agar is kept for some time dipping in a solution of 
two dyes, one of the latter in general diffuses more rapidly into the 
jelly, and produces a _characteristically coloured zone. This zone is 
found to be quite free from the other dye, which diff ixses more slowly. 

J. C. P. 

H. M. D. 

Osmotic Pressures of Some Concentrated Aqueous Solu- 
tions. EARLOF BERKELEY and ERNALD G, J. HARTLEY (Phil. Truns., 
1906, A, 206, 481-507. Compare Proc. Boy. Xoc., 73, 436; Abstr., 
1906, ii, 599).-In these direct measurements of osmotic pressure for 
solutions of sucrose, dextrose, galactose, and mannitol the authors have 
used a copper ferrocyanide membrane deposited close to the outer 
surface of a porous porcelain tube. To get the membrane deposited in 
this position the tube was immersed in a solution of copper sulphatein 
a desiccator which was then kept evacuated for several days. When 
by this procedure all air had been removed from the pores of the 
porcelain, the tube was taken out, dried superficially, plugged at the 
ends, and rotated in a solution of potassium ferrocyanide. In  this way 
an  even deposit of copper ferrocyanide, very close to the outer surface 
of the porcelain, is obtained, and after being subjected to electrolysis 
under pressure (compare Morse and Horn, Abstr., 1901, ii, 543) the 
tube is ready for use. It was found desirable that the membrane 
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Grams Fresvure in 
per litre. atmospheres. 

Xucrose. 

Grams Pressure in 
per litre. atmospheres. 

Dextrose.  
180.1 13.95 
300.2 26.77 
420-3 43.97 
540.4 67.5 1 
660.5 100*78 
750.6 133.74 

Galactose. 
250 35.5’ 
380 62-8 
500 95.8 

99.8 13.21 
199.5 29.17 
319-2 53.19 
448.6 87.87 
548.6 121.18 

illannit ol 
100 13.1 
110 14.6 
125 16.7 
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When the pressures are plotted against concentrations, the curves 
obtained for all four substances deviate considerably from the straight 
lines drawn on the assumption that PV= RI', where P is the osmotic 
pressure and V is the volume of solution containing 1 gram mol. 
of solute. The deviation is very marked at high concentrations, 
but on extrapolating the various curves towards the origin they appear 
to merge in the straight lines before the origin is reached, indicating 
that dilute solutions will give pressures corresponding to the Boyle- 
Avogadro law. 

The values obtained by the authors for the osmotic pressures of 
sucrose solutions are, as far as the ranges of concentration overlap, 
somewhat higher than those recorded by Morse and Frazer (Abstr., 
1905, ii, 575;  1906, ii, 601). 

The osmotic pressures of the more iconcentrated sucrose solutions 
have been deduced from their vapour pressures, determined by the 
method previously described (Abstr., 1906, ii, 599), and the values 
reached in this indirect may are in good agreement with the directly 
observed equilibrium pressures, as is shown in  ttie following table : 

Osmotic pressure Equilibrium pressure 
sucrose in  atmospheres a t  0" in  atmospheres a t  0" 

per litre' deduced from vap. press. directly observed. 
5 40 69.4 67.51 
660 101.9 100.78 
750 136.0 133.74 

J. C. P. 

Relation Between the Velocity and the Volume of Organic 
Ions in Aqueous Solution. GEORGE A. CARSE and T. H. LABY 
(PTOC. Camb. Phil. Soc., 1907, 14, 1--12).-The value for the product, 
velocity x vvolume, has been calculated for the cations of several 
organic bases in aqueous solution, the results obtained supporting the 
authors' suggestion (Abstr., 1906, ii, 420) that the motion of an ion 
through an  electrolyte is similar t o  that of a small body through a 
viscous medium. W. H. G. 

[Hydrate Theory.] WILHELM BILTZ (Zeitsch. physikal. Chem., 
1907, 58, 250--252).-A reply to Jones (this vol., ii, 78). J. C. P. 

Ultramicroscopic Determination of Solubility. WILHELM 
BILTZ (Zeitsch. physikal. Chem., 1907, 58, 288-292. Compare Abstr., 
1906, ii, 824).-In the case of solutions of two salts which interact 
giving an insoluble compound by double decomposition, it is possible 
by the use of the ultramicroscope to determine when the solutions 
have been so far diluted that no precipitate is produced. Hence the 
solubility of the precipitate in question may be calculated. The 
following solubilities have been determined in this way, the numbers 
meaning gram molecules per litre of saturated solution. The tem- 
perature for which the numbers are valid is 16-189 Thallium bromide, 
L.3 x silver chloride, 1.6 x silver bromide, 1.4 x ; 
manganese sulphide, 1.1 x cadmium sulphide, 6.6 x lead 
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sulphide, 5.5 x ; cupric sulphide, 4.1 x 10-6 ; arsenious sulphide, 
2.1 x ; silver sulphide, 8.0 x These values are in most 
cases somewhat higher than the values deduced from conductivity 
measurements (see Bottger, Abstr., 1904, ii, 241 ; Weigel, next page). 

J. C. P. 

Investigations with Inorganic Solvents at Low Tempera- 
tures. Apparatus. GIUSEPPE MAGRI ( A t t i  R. Accad. Lincei, 1907, 
[v], 16, i, 171--178).--The author proposes to measure, a t  various 
temperatures and for solutions of various concentrations of substances 
in liquid sulphur dioxide and hydrogen sulphide, the following magni- 
tudes : surface tension, dielectric constant, internal friction, electrical 
conductivity, density and rnolecular weight, and also to investigate the 
products obtained on electrolysis of the solutions. For these purposes 
he has had conptrticted a complic lted piece of apparatus arranged to 
avoid access of moisture to the solutions, or  exchange of heat with the 
surrounding air, to allow of successive measurements without un- 
mounting, and to permit of the solution or solvent being heated or 
cooled, or maintained a t  a constant temperature. The present paper 
contains a description and sketch of the apparatus. T. H. P. 

Solubility of Stereoisomerides in Optically Active Solvents. 
HUMPHREY 0. JONES (Proc. Gumb. Phil. Xoc., 1907, 14, 27-29).-7!he 
statement is sometimes made that the solubilities of stereoisomerides 
are different in an  optically active solvent; i f  this is true, then it 
should be possible to separate R d + 2 mixture by crystallisation from 
an  active solvent. It is shown, however, tha t  the solubility and 
rotatory powers of d and I isomerides are identical in an optically 
active as well as in an inactive solvent. W. H. G. 

Solubility of the Sulphides of the Heavy Metals in Pure 
Water. OSKAH. WEIGEL (Zeitsch. pl~ysi lal .  Chem., 1907, 58, 
293--300).-The solubility of a number of metallic sulphides has 
been determined by the conductivity method (compare Bottger, 
Abstr., 1904, ii, 241). I n  calculating the solubility from the 
conductivity, it has been assumed that the dissolved sulphide is 
completely hydrolysed, that the hydroxide thus produced is completely 
dissociated, and that the conductivity oE the hydrogen sulphide 
produced by the hydrolysis is negligible compared with that of the 
hydroxide. A number of the sulphides have been examined both in 
the crystallised and in the amorphous state ; the crystallised sulphides 
were either the naturally occurring products or had been prepared 
by heating the precipitated sulphides in an  electric furnace to about 
lSOOo in an atmosphere of nitrogen. The solubilities found (in gram 
molecules per litre) are recorded in the following table : 

VOL. XCII. ii. I ?  
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Cryatallised Sulphides. 
Manganese sulphide 54.5 x u 
Pyrrhotine ............ 53.6 
Pyrites (Freiberg) ,. 48.9 
Pyrites (artificial) , , . 40% 
Wurtzite ............... 28.8 
Millerite ............... 16.3 
Greenockite ......... 8-99 
Zinc blende 

(Santander) 6.65 
Zinc blende 

(artificial) 6.63 
Cuprous sulphide ... 3.1 
Lead glance 

Lead glance 
(Freiberg) 1.21 

(artificial) 1 a 2  1 

Silver sulphide ...... 0.55 
Stannic sulphide.. .... 1.13 

Stannous sulphide ... 0.14 

Precipitated Sulphides. 
Manganese sulphide 71.6 x 

Ferrous sulphide .., 70.1 ,, 
Nickel sulphide ...... 39.9 .. 
Cadmium sulphide ... 9.0 ,, 
Antimony sulphide 5.2 ,, 
Cupric sulphide ...... 3.51 ,, 
Silver sulphide . . , . . 0.55 ,, 
Bismuth sulphide ..’. 0.35 ,, 
Mercuric sulphide ... 0.054 ,, 

Zinc sulphide ......... 70.6 ,, 
Cobalt sulphide ...... 41.6 ,, 

Lead sulphide ......... 3.6 .. 

The foregoing values show that the labile modification is more 
soluble than the stable modificahion of the same substance. In some 
cases, for  example, zinc and lead sulphides, the amorphous form in  
contact with water rapidly changes into the crystallised form, as is 
shown directly by the alteration of the conductivity. 

The results obtained in this investigation do not appear to be 
in harmony with Bodlander’s formula (Abstr., 1898, ii, 554). 

J. C. P. 
Neutral Salt Action. BOHDAN VON SZYSZKOWSKI (Zeitsch. 

physihl.  Chem., 1907, 58, 420--424).-The yellow colour of dilute 
methyl-orange solutions is changed to an  orange-yellow by carbon 
dioxide, t o  an  orange-pink by acetic acid, and to a bright pink by 
strong acids. The tint of the methyl-orange solution is therefore a 
measure of the concentration of the hydrogen ion (compare 
Friedenthal, Abstr., 1904, ii, 288 ; Salessky, ibid., 319 ; Fels, ibid., 
320 ; Salm, ibid., 536;  Veley, Trans., 1907, 91, 153 ; this vol., ii, 76). 
If methyl-orange is dissolved in saturated sodium chloride solution, 
and carbon dioxide, even in small quantity, is passed into the solution, 
the original yellow colour is changed to pink. The,same effect is 
observed when barium chloride takes the place of sodium chloride, 
but the influence of sodium nitrate, potassium chloride, and potassium 
nitrate is less marked. 

It appears, therefore, that the dissociation constant of carbonic acid 
in saturated sodium chloride solution is greater than that of acetic 
acid in water. In other words, saturated salt solution, regarded as a, 
solvent, possesses a dissociative power much greater than that of 
water, and it is to such increase of the dissociative power of water 
that  the author refers neutral salt action. The dissociation of acetic 
acid and that of ammonia (shown by phenolphthalein) appear to be 
similarly increased in saturated sodium chloride solution. J. C. P. 
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Solidification of Inorganic Salts and Salt Mixtures. 11. 
Solidification of Salt Mixtures and Their Thermal Properties. 
WILHELM PLATO (Zeitsch. physikal. Chem., 1907, 58, 350-372. 
Compare Abstr., 1906, ii, 521).-The method previously described has 
been used in the study of the freezing points of inorganic salt mix- 
tures, and the various forms of cooling curve have been determined 
for the cases (1) where a pure salt separates out, (2) where mixed 
crystals are formed. The systems examined were SrCI, + SrFz, BaCl, + 
BaF,, CaC1, + CaF,, NaCl + NaF, KCI + KF. The freezing phenomena 
were not followed above 1200°, so that the freezing-point curves i n  the 
first three cases are not complete at the fluoride end. I n  the first 
three systems double salts occur, which form series of mixed crystals 
(interrupted by eutectics) with the chlorides. The -double salts form 
mixed crystals also with the fluorides as far as a second outectic point, 
but from liquid mixtures containing more fluoride than corresponds 
with this second eutectic point pure fluoride separates in all three 
cases. It is noteworthy that barium chloride exists in an  a- and a 
/3-form, the a-form being stable between the freezing point and a 
transition temperature 34*4O lower. The double salt, BaCl,,BaF,, 
forms mixed crystals with P-barium chloride only. In the systems 
NaCl+NaF and K C l + K F  no mixed crystals are formed and no 
double salts are indicated by the freezing-point curves. 

The regularities previously observed (Ruff and Plato, Abstr., 1903, 
ii, 588) in connexion with the composition of eutectic mixtures appear 
also in the cases studied in this investigation. Thus, for example, the 
eutectic mixture in the system NaCl+NaF has the composition 
lOONaCl + 37*93NaF, whilst the eutectic mixture in the system 
KC1 + KF has the composition 1OOKC1 + 63.95KF ; it will be found 
that the numbers 37-93 and 63-95 are in the same ratio as the atomic 
weights of sodium and potassium. FormulE are recorded by which it 
is possible to  calculate how much of the one salt must be added to tho 
other in order to reach the eutectic point. 

The latent heat of fusion of most of the salts has been determined 
with the following results : KC1 (m. p. 772.3'), 86.0; NaCl (m. p. 
804*1°), 123.5 ; CaCl, (m. p. 773*9O), 54.6 ; SrCl, (m. p. 871°), 25.6 ; 
BaCI, (m. p. 95SS9O), 27.8 ; NaF (m. p. 992*2O), 186.1 ; KF (m. p. 
859-Boj, 108.0. The molecular depression calculated by van't Hops 
formula agrees fairly well with the observed depression in the case of 
the alkali salts. I n  the case of the salts of the alkaline earth metals, 
it is necessary to assume complete dissociation of the added component. 

J. C. P. 

Periodic Phenomena in Crystallisation. D. W. ALEXBEFF 
(J. Rzcss. Phys. Chem. Xoc., 1906, 38, 1120--'1123).-The author 
describes periodic phenomena observed during the crystallisation of 
ethyl ethanstetracarboxylate from the molten condition. 

When the molten ester is spread out in a thin layer, solidification 
begins at a centre and then proceeds in concentric zones which widen 
periodically. If a thin layer of the supercooled ester is seeded with a 
crystal of the same substance, crystallisation takes place radially from 

17-2 
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the nucleus for some time, after which the separation of crystals ceases 
for a period, then proceeds rapidly and so on. 

Examination of the concentric zones by means of polarised light 
shows that each zone is limited by sharp edges, of which only certain 
points act as centres of crystallisation for the succeeding zone. The 
formation of these zones and the subsequent stoppage of the crystal- 
lisation are regarded as due to changes in the surface tension of the 
liquid. The heat set free during the solidification heats part of the 
remaining liquid and so considerably diminishes i ts  Furface tension. 
Owing to the greater surface tension of the supercooled layers, the 
whole of the liquid is separated from the part which is crystallising, 
in the same way as water is driven away from a drop of alcohol. 

Phenomena similar to those described above are observable with 
supercooled benzqhenone and coumarin, but in these cases the zones 
formed are very indetinite. T. H. P. 

The Regular Growth of Soluble Salts on Each Other. THOMAS 
V. BARKER (Min .  Mag.,  1907, 14, 235-257. Compare Trans., 1906, 
89, 1120).-'l'he isomorphous group of the cubic haloids and cyanides 
of the alkalis was chosen for examination. Considerations of molecular 
volume, crystalline form and cleavage, miscibility, and the capability 
of forming parallel growths suggest that this series may be divided 
into two isostructural groups, as indicated below (the numbers are 
the molecular volumes). 

Group A.-NaCl, 29'92 (NaCN, ? ) NaBr, 32.21 NaI, 41.06 
KCI, 37-49 KCN, 41-31 KBr, 43.30 KI, 53.06 
RbCI, 43.10 RbCN, 48'60 RbBr, 49'30 RbI, 59.62 

Group 3.-AmCI, 34-96 (AmCN, ? ) AmBr, 43.45-1 AmI, 58.14 
CsCl, 42.15 (CsCN, ? ) CsBr, 47'81 CsI, 57.25 

I n  the same isostructural group of substances non-parallel growths 
are only obtained when the molecular volumes are widely different. 

L. J. S. 

Deduction from van der Waals's Equation. R. H. MCCIIEA 
(Chem. News, 1907, 95, 101--102).--If van der Waals's equation is 
written in the form v - b = K/p( 1 + a/pv2) and p = 00 , then v - b = 0, 
which result, the author considers, corresponds with the elimination 
of the intermolecular spaces and in conasqueoce to the attainment of 
the solid state. In  consequence of the small value of the expression 
X/(a/b2) ,  the solid, state will persist, provided the temperature is kept 
low even when the pressure has been greatly reduced. H. M. D. 

Distribution of Stannic Chloride between Water and Xylene. 
WLADIMIR SMULLRNOFF (Zeitsch. physikal. Chem., 1 907, 58, 3?3-380).- 
The three hydrates of stannic chloride, SnC1,,5H20, SnCI4,4H2O, and 
SnC1,,3 H20,  hare been shaken up with xylene at various temperatures 
between 66' and 11l0, and the amount of chloride in each phase has 
then been determined. I n  the system, SnC1,,5H20 +xylem, the value 
of cl/c2, where c1 and c2 are the percentages of chlorine in the water 
and xylene phases respectively, falls from 504.4 a t  66' to  59.3 at 111'. 
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I n  the system SnC1,,4H20 + xylene, the value of q/c2 falls from 45.3 at 
6 6 O  to 12.9 at 11 1". I n  the system SnC14,3H,0 + xylene, the value of 
cI/c2 is independent af temperature. It may be supposed that the 
hydrates are readily dissociated into their components, that only the 
free stannic chloride is soluble in xylene, and that the degree of 
dissociation of the hydrates increases with rising temperature and 
diminishing content of water. Thus i t  is concluded that even at 66' 
the hydrate, SnC1,,3H,O, is completely dissociated. 

Equilibrium Between A m m o n i a  and Hydrogen Sulphide. 
J. P. MAGNUSSON (J. Physical Chern., 1907, 11, 21--46).-Although the 
decomposition pressure of ammonium hydrosulphide was determined by 
Isambert (1881) both alone and in the presence of excess of either 
of its dissociation products, yet the results are not in accord with the 
theoretical result p1p2 = const., and the equilibrium has been reinvesti- 
gated by the :author over a coneiderable range of pressures at 209 
H e  finds that considerable adsorption of ammonia by the solid 
hydrosulphide occurs and that, when this is allowed for, the results are 
in satisfactory accord with the mass action law. 

I n  the paper an ingenious, efficient, and simple electric thermostat is 
described in which rise of temperatures causes a mercury contact to 
interrupt, by an ordinary magnetic interrupter, the heating circuit. 

J. C. P. 

L. M. J. 
Pecul ia r  Action of Hydrogen Ions in the Formation of 

Alkyl Hydrogen S u l p h a t e s  by M e a n s  of Water in Hetero- 
geneous  Systems. ROBERT KREMANN (Monatsh., 1907, 28, 13-32). 
-As is well known, ethyl and methyl hydrogen sulphates are prepared 
most simply by shaking the alkyl sulphates with hot water. The 
study of the kinetics of this method of preparation offered a particular 
interest, as the reaction constitutes a prominent example of the partial 
hydrolysis of the ester of a polybasic acid. 

A t  30-50° the decomposition of ethyl sulphate is negligible in 
comparison to the rate of hydrolysis by means of water, which may 
be measured conveniently between these temperatures by determining 
the increase in the acid titre. As the alkyl sulphates are only sparingly 
soluble in water, the reaction takes place in a heterogeneous system, and 
the reacting substances must be mixed thoroughly. The velocity con- 
stant, calculated by the equation for unimolecular -reactions, remains 
constant until near the end of the reaction, hence under the conditions 
of the reaction the hydrogen ions cannot act as catalytic accelerators. 
In agreement with this, it is found that the rate of hydrolysis is not 
accelerated by the substitution of sulphuric acid for the water (compare 
Praetorius, Abstr., 1905, i, 186). On the other hand, the rate of 
hydrolysis is accelerated by the addition of alkalis in proportion to 
the alkali concentration, although in this case also the system is 
heterogeneous. 

If hydrogen chloride is added, the formation of ethyl chloride takes 
place as a side reaction, its velocity in 2N-hydrochloric acid being 
markedly greater than that of the hydrolysis by water which is not 
accelerated. A similar side reaction takes place on addition of nitric 
acid. The rate of formation of the ethyl chloride or nitrate is propor- 
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tional to the concentration of the acid. The following velocity of 
hydrolysis constants have been determined. 

Methyl sulphate + water a t  33*5O, k = 0*0080, or at 24O, k = 0.0084 ; 
+ N-sulphuric acid at 24O, k = 0*0020. Ethyl sulphate + water at 34O, 
k=0*00155, or at 44O, k =  0.0066 ; +2N-sulphuric acid at 44O, k =  
0.00445 ; +N-sulphuric acid a t  44O, k=0*0046, or at 3 6 O ,  k=0*0015 ; 
+ O*411r-sulphuric acid a t  44", k = 0.0067 ; + 0.4N-sodium hydroxide 
at 34O, k = 0.0045 ; + N-sodium hydroxide a t  34O, k = 0.0095 ; + 2N- 
hydrochloric acid a t  44O, k = 0.0067 ; + N-hydrochloric acid a t  44O, 
k = 0.0068 ; or at  36", k = 0.00235, or at 34*, k = 0.001 4 ; + 0.4N-hydro- 
chloric acid a t  35O, k =  0.00185 ; +N-nitric acid at 3 5 O ,  k=O*OO21 ; 
+ 2N-nitric acid a t  3 5 O ,  k =  0.0026. 

I n  a series of experiments with ethyl sulphate at 34' with 
0.2N- to 2N-hydrochloric acid, the velocity constant for the formation 
of ethyl chloride was found k=0*00010-0~00181, whilst t h a t  for the 
hydrolysis by the water was k = 0.0015. Similarly, with N- and 28-nitric 
acids the velocity constants for the formation of ethyl nitrate were 
found to be k=O*OOc)33 and 0.00127, whilst that  of the hydrolysis 
was k = 0*0024. 

The temperature coefficient for the action of water on methyl 
sulphate for  a temperature interval of 10' is 3.5, and for the action of 
water on ethyl sulphnte, 4.2, or approximately double the normal. 
This high temperature coefficient is considered to be a peculiarity of 
heterogeneous systems (compare Goldschmidt and Brauer, Abstr., 1906, 
i, 159). The generally accepted view that the temperature coefficients 
of physical processes are abnormally small in comparison with those of 
chemical reactions cannot be always correct, as the velocities of reac- 
tions in  heterogeneous systems are determined mainly by physical 
changes. G. Y. 

Esteriflcation of 0-, m-, and pNitrobenzoic Acids by Meane 
of Alcoholic Hydrogen Chloride. ANTON KAILAN (Annalen, 1907, 
351, 186-217. Compare Abstr., 1906, ii, 659 ; this vol., ii, 15S).- 
The rates of esterification of the three nitrobenzoic acids by means of 
alcoholic hydrogen chloride in presence of varying amounts of water 
have been determined in the same manner as those of benzoic and the 
three aminobenzoic acids (Zoc. cit.). Goldschmidt, who determined the 
rates of esterification of the nitrobenzoic acids by means of '' absolute " 
alcoholic hydrogen chloride (Abstr., 1896, i, 229), gave no particulars 
as to the amounts of water present, which must be assumed, therefore, 
to have been extremely small. The constants now observed agree with 
those of GoIdschmidt in the case of m-nitrobenzoic acid, but for p-nitro- 
benzoic acid are greater in all strengths of alcohol. In conseqnence of 
the low rate of esterification of o-nitrobenzoic acid, the constant mas 
determined only for solutions in alcohol containing merely traces of 
water, and was found to agree with Goldschmidt's. I n  this case the 
influence of the formation of ethyl chloride, which in absolute alcohol 
has the velocity constant k x l o 5  = 2.7 x a t  25' (compare Cain, 
Abstr., 1894, ii, 133), cannot be neglected. When corrected for this, 
the esterification constant of o-nitrobenzoic acid for concentrations of 
hydrogen chloride between c = 0.1 66 and c = 0.665, and concentrations 
of water between w, = 0.047 and w, = 0,059, is k/c = 0~00270--0~00308, 
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The esterification constants for m- and p-nitrobenaoic acids are pro- 
portional to the concentration of the hydrogen chloride only in alcohol 
containing 0.1 5% or less of water ; in  the presence of higher propor- 
tions of water, the velocity constants increase more quickly than the 
concentration of the hydrogen chloride. The rate of hydrolysis of 
ethyl nt- and p-nitrobenzoates by water or hydrochloric acid is so 
small as to be negligible in calculating the esterification velocity 
constants. 

The relation of the esterification constant of m-nitrobenzoic acid at 
25O to  the concentration of the hydrogen chloride and of the water is 
represented by the expression : l / k  = 18.46 + 21*30/c + ( - 35.25 i- 
9-874/c + 2649/c2)w + ( - 136.2 + 161-5/c + 6*452/c2)w2, which applies to 
solutions in which the molecular concentration of the water lies between 
w =  0-04 and w = 1-66, and that of the hydrogen chloride between 
c = 0.16 and c = 0.66. 
In the case of pnitrobenzoic acid, the relation of the esterification 

constant to the molecular concentrations of the water and the hydrogen 
chloride is represented by the expression : l /k  = 24*27/c + (6.57 + 14.87/c 
+ 5.153/c2)w + ( - 145.2 + 140*2/c + 21*112/c3)w2, which applies to solu- 
tions with w = 0*085-1.333, and c = 0*1631-0*6783. 

It is shown that the esterification of m- and p-nitrobenzoic acids is 
closely analogous to that of benzoic acid. G. Y. 

Esteriflcation of Hydroxybenxoic Ac ids  by Means  of 
Alcoholic Hydrogen Chloride. ANTON KAILAN (Monatsh., 1907, 28, 
115-152. Compare Abstr., 1906, ii, 659 ; this vol., ii, 158; Gold- 
Schmidt, Abstr., 1896, i, 229)-It is found that in the titration of 
the three hydroxybenzoic acids in alcoholic solution, the most 
accurate results are obtained by using rosolic acid as the indicator 
(compare Walker and Wood, Trans., 1898, 73, 621). 

The constants for the velocity of esterification of the three hydroxy- 
benzoic acids have been determined in the same manner as those for 
the esterification of the nitro- and amino-benzoic acids (Zoc. cit.), and 
found, when not more than traces of wa.ter are present, to be propor- 
tional to the concentration of the hydrogen chloride. A correction 
for the formation of ethyl chloride, 6 x Ct C.C. em = co - d/2, must 
be introduced into the calculation of the esterification constant of 
salicylic acid. 

The relations of the velocity constants, for esterification in aqueous 
alcoholic solution, are represented by the expressions, for m-hydroxy- 
benzoic acid : l / k  = 4.81 + 14*01/c -0*5371/c2 + (7.61 -5*263/c + 
15°06/c2)w + ( - 103.6 + 112-l/c - 7-642/c2)w2, which applies to solutions 
with the molecular conceritration of the water between w = 0.02 and 
w=1*3, and that of the hydrogen chloride between c=O.16 and 
c =  0.66 ; and for p-hydroxybenzoic acid : I/k = 15.83 + 33.45/c 

4*066/c2)~2, which applies to solutions with w = 0.02 - 1-3, and 
c=0*16. The results obtained give no indication of hydrolysis of 
ethyl m- or p-hydroxybenzoate by alcoholic hydrogen chloride. 

The behaviour of the hydroxybenzoic acids on esterification is shown 

- 0.4722/~2 + ( - 94.05 + 90*04/~ + 2 0 . 2 7 / ~ 2 ) ~ +  (- 119.6 + 158*9/~-- 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
07

. D
ow

nl
oa

de
d 

on
 2

9/
10

/2
01

4 
12

:0
4:

56
. 

View Article Online

http://dx.doi.org/10.1039/ca9079205205


244 ABSTRACTS OF CHEMICAL PAPERS. 

to be analogous with that of benzoic acid and the nitro- and amino- 
benzoic acids. G. Y. 
Velocity of Hydrolysis of Reto- and Hydroxy-Esters. 

HEINRICH GOLDSCHMIDT and VICTOR SCHOLZ (Bw., 1907, 40, 
624-641. Compare Goldscbmidt and Oslan, Abstr., 1900, i, 132, 
373).-H. Meper's statement (this vol., i, 179) that the substance 
previously worked with as ethyl dimethylacetoacetate is in reality the 
methyl ester is confirmed ; the velocity constant for the methyl 
ester has been found to be 2-43, whilst, on the other hand, the velocity 
constant for ethyl diethylacetoacetate is only 0.0058. 

The abnormal velocity of methyl acetoacetate is explained if (1) only 
the free ester and the hydroxyl ions interact ; (2) the concentration of 
the free ester compared with that of the salt is small; (3) one molecule 
only of the base combines with one of acid. The equation representing 
the change is dx/dt  = kx(a - x - t), where k: is the true velocity constant 
of the free ester, x the hydrolytic constant of methyl sodioacetoacetate, 
a-x the change in concentration of the salt, and the part of the 
salt hydrolysed. For strong bases, is small compared with a-x, 
and consequently the reaction proceeds as one of the first order. 
4 was found to be 0.0375, and from the mean of experiments with the 
weak bases, ammonia, triethylamine, and diethylaEine, x was found to 
be 0.00065. The velocity constant at 25" of methyl acetoacetate is 
2 x 10-11 from the above results, and is identical with that of the 
ethyl ester. The ethyl ethylacetoacetate reaction does not proceed as 
one of the first order as the formation of salt is here incomplete. 
The values of 6 and x have therefore to be found in a slightly different 
way, 0.015 is found as the hydrolytic constant of ethyl sodioethyl- 
acetoacetate, and the velocity constant is 0.9 x 

Experiments with methyl salicylate are complicated by the fact that 
a disodium salt is formed in small quantity, and this is estimated by 
hydrolysing ethyl acetate in the presence of monosodium salicylete. 
The hydrolytic constant of methyl sodiosalicylate is 0.001 compared 
with Shield's value of 0.000094 for sodium pbenoxide (Abstr., 1893, 
ii, 448). The velocity constant is between 6 and 7 and is bigher than 
those of other aromatic esters. 

Experiments with the weak bases piperidine and diethylamine bear 
out these conclusions. W. R. 

Aminolysis. 11. HEXNRICH GOLDSCRMIDT and A. BAKSCECT 
(Annulen, 1907, 351, 108-133).-Goldschmidt and Salcher's 
determinations of the aminolytic constants of bases (Abstr., 1899, 
ii, 551) mere carried out a t  45". The aminolytic constants of 
pyridine, quinaldine, a-picoline, and 5-collidine have been redetermined 
in  the same manner, but at 25", with the object of obtaining 
aminolytic temperature coefficients. 

I n  the first place, the velocity constant for the change of 
diazoaminobenzeae into aminoazobenzene a t  25" was determined for 
aniline nitrate, k = 0*00924-0*00927, and aniline hydrobromide, 
k = 0.01 13, these, together with the velocity constants for this change, 
in  a number of other salts of aniline a t  25", determined previously 

at 25'. 
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(Goldschmidt and Reinders, Abstr., 1896, ii, 515 ; Bandke, Inaug. 
Dim, Heidelberg, 1898), show that the difference between strong and 
weak acids is maintained in aniline solution, and that nitric, 
hydrobromic, and hydrochloric acids, which are equally dissociated in 
aqueous solution, have in this case different effects and in the same 
order as  in aniline solution at 45O. 

A t  25' in aniline solution, the aminolytic constants for the bases 
examined are : pyridine, x = 3.41 ; a-picoline, x =  12.4 ; s-collidine, 
x = 489 ; quinaldine, x.= 6.62. 

The salts of the tertiary bases are decomposed to the greater. extent 
at the higher temperature ; the aminolytic temperature coefficients, 
x25/x45, are : pyridine, 1 -50 ; a-picoline, 1 *16 ; 8-collidine, 1 5'0 ; 
quinaldine, 1.25. There does not appear to be any simple relation 
between the strengtli of the base and the temperature coefficient ; 
Hantzsch and Sebaldt (Abstr., 1900, ii, 69) found that similarly the 
variation of the affinity with change of temperature is different for 
different bases. 

The heat of neutralisation of tertiary bases by acids in aniline 
solution is calculated by means of the expression : 

that  for pyridine, 3.600, does not differ greatly from the heat of 
neutralisation of pyridine in aqueous solution, 4800 cal. (Constam and 
White, Abstr., 1903, i, 276). As the aminolytic constants for aniline 
nitrate and aniline hydrobromide are identical, the heat of neutralisa- 
tion of tertiary bases by strong acids in aniline solution is independent 
of the nature of the acid. 

The aminolytic constants and the affinity constants in aqueous 
solution for the four bases in question vary in the same order, and do 
not differ greatly for the individual bases. 

The velocity constant for the change of p-diazoaminotoluene into 
aminoazotoluene, i n  p-toluidine hydrochloride, was measured by 
Goldschinidt and Reinders (Zoc. cit .)  and has been determined now in 
0.1N solution at  4 5 O  for p-toluidine nitrate, k = 0.01 19 ; hydrobromide, 
k=0*0147 ; o-nitrobenzoate, A =  0*00176, or in 0.2N solution, 
k = 0.00375. These constants are compared with those for the aniline 
salts : k(aniline)/k(p-toluidine), for nitric acid, 9-75 ; hydrobromic 
acid, 9-53 ; hydrochloric acid, 8.42 ; o-nitrobenzoic acid, 5.0. It 
follows that the difference of the velocity of the conversion in the 
aniline and p-toluidine series results not only from the differences of 
the reaction, and of the medium, but must be caused also by a 
difference in the state of the catalyst, especially in the use of weak 
acids. The following aminolytic constants in p-toluidine at 45' were 
obtained : a-picoline, 2.1 1 ; s-collidine, 30.5 ; benzyldimethylamine, 
813 ; benzyldiethylamine, 1674. These constants are smaller than 
the constants in aniline at the same temperature, but increase in the 
same order. p-Toluidine acts as a. stronger base than aniline, which is 
the case also in aqueous solution, The factor X(aniline)/X(toluidine) 
is similar for benzyldimethylamine, 12.9, and benzyldiethylamine, 
13.0, but is much smaller, 5.2 and 9.4, for a-picoline and s-collidine 
respectively. G.  Y. 

P =2T,T,/T2 - ~~8~og*x25/x4s ; 
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Autoracemisation of Optically Active Ammonium 8dIa. 
HANS VON HALBAN (Zeitsch. Elektrochem., 1907, 13, 57--58).-Wede- 
kind.(Abstr., 1906, i, 419) explained the loss of optical activity of a 
solution of d-phenylbenzylmethylpropylammonium iodide in chloro- 
form by supposing that the salt is dissociated to a small extent into 
its constituents and that these re-combine to form the inactive com- 
pound. The author shows that a solution of phenylbenzylmethylallyl- 
ammonium iodide in chloroform decomposes moderately fast into its 
constituents. The quantity of undecomposed iodide in the solution is 
estimated by shaking the solution with an  aqueous solution of silver 
nitrate. The change is shown to be unimolecular, and it leads to an  
equilibrium in which the greater part of the salt is decomposed. 

The loss of optical activity in this case is therefore due to decom- 
position of the salt. T. E. 

Autoracemisation of Optically Active Ammonium Salts. 
EDGAR WEDEKIND (Zeitsch. EZektrochem., 1907, 13, 58--59).--The 
author agrees with Halban (preceding abstract) that  the loss of optical 
activity of phenylbenzylmethylally1ammonium iodide is due to decom- 
position, but points out that  the corresponding propylammonium salt 
is very much more stable, and that the pure salt may be precipitated 
from the chloroform solution by adding ether, long after it has become 
entirely inactive, which is not the case with the ally1 salt. T. E. 

Dynamics of Tautomer ism.  I. Brilliant-Green. NEVIL Y. 
SIDGWICK and Tom S. MOORE (Zeitsch. physikal. Chem., 1907,58, 385- 
408)- Brilliant-green undergoes a gradual transformation in  the 
presence of an  alkali. The rate at which the change takes place in 
very dilute solution can be conveniently measured with the aid of a 
colorimeter, and is found to be proportional to the prodnct of the con- 
centrations of the coloured salt and of the hydroxyl ion. The value of 
the velocity coefficient is approximately the same as that deduced by 
Hantzsch and Oeswald from the change in conductivity (see Abstr., 
1900, i, 256 ; compare also Gerlinger, Abstr., 1904, i, 1040). 

I u  presence of hydrochloric acid, brilliant-green is slowly transformed 
into a colourless acid salt. The reaction is reversible, and with the 
aid of the colorimeter it is shown that at the point of equilibrium 
klclc2=k2c, where c1c2 and c are the concentrations of coloured salt, 
acid, and acid salt respectively. The ratio k2/lel is independent of the 
acid, but k, and k, are inversely proportional to the cube root of the 
acid concentration, provided the latter is not too small. 

If a solution of the carbinol is treated with hydrochloric acid, three 
reactions take place, namely, (1) formation of coloured salt, (2) forma- 
tion of the acid salt, (3) decomposition of the latter into coloured salt 
and acid. If the velocities of the processes (2) and (3) are known, it is 
possible by a complicated formula to calculate the velocity of (1). It 
is shown that the rate of formation of coloured salt from the carbinol 
is =MC,  where C is the concentration of the carbinol, and H is a 
function of the acid concentration s, such that M s ~  remains constant. 

J. C. P. 
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Mechanism of Induced Reactions. W. LASH MILLER (,.K 
Physical Chm., 1907, 11, 9--20).-Many cases are known in which 
reducing and oxidisiag agents, 22, and Q,, which do not react with one 
another ordinarily, readily react in the presence of other compounds, R, 
and 0,, which themselves react readily ; R, and R, or 0, and 0, may be, 
and usually are, identical. Such reactions are called induced reactions, 
and the author classifies them on a kinetic basis in three classes : (?) 
cases of catalysis, combined with destruction of the catalyst ; (2) cases in  
which the inducing reaction is unaffected by the induced reaction ; (3) 
cases in which (2) does not obtain. The reaction between chromic 
acid, ferrous sulphate, and potassium iodide is an example of the third 
class ; that  between chromic acid, arsenious acid, and potassium iodide 
is an  example of the second class ; and this case can be explained by 
the formation of a peroxide, although other explanations are possible. 

L. M. J. 

Rate of Oxidation of Arsenious Acid by Chromic Acid. 
RALPH E. DE LURY (J. 2"l~ysical Chem., 1907, 11, 47--53).-Tbe oxi- 
dation of arsenious acid by a mixture of potassium dichromate and 
sulphuric acid was investigated a t  0' and 10". The rate of oxidation 
was found to be nearly proportional to the first power of the concen- 
tration of the dichromate, the inexactness being probably ascribable 
to incomplete dissociation. It was proportional to the first power of 
the concentration of the arsenious acid, and to the 1.4th power of that  
of the sulphuric acid. The deviation from the second power is con- 
sidered to be probably due to the influence of the hydrogen ion on the 
dissociation of the arsenious acid. The temperature coeHicient is low ; 
the rise from Oo to 10" only increased the rate of oxidation by 26% 
(compare Abstr., 1903, ii, 471). L. M. J. 

The Induction by Arsenious Acid of the Reaction Between 
Chromic Acid and Hydriodic Acid. RALPH E. DE LURY (J .  
Physical Chem., 1907, 11, 54-90; see also Abstr., 1903, ii, 471, and 
preceding abstracts).-The oxidation of arsenious acid and of potassium 
iodide by acid solutions of dichromate having been investigated, t h e  
reaction in solutions of the four compounds mas studied. In this case 
the arsenious acid acts as the inductor and the potassium iodide as the 
acceptor of the oxidation. It was found that the rate of reduction of 
the chromic acid in solutions of arsenious acid and iodide is equal to 
the sum of the rates of reduction of the arsenious acid and iodide 
separately, the retardation of the former being equal to the acceleration 
of the latter. The temperature coefficients of the single actions and 
the joint action are equal. The ratio also of the rate of oxidation of 
the iodide alone and in presence of arsenious acid is independent of the 
concentrations of dichromate and sulphuric acid. The results may be 
accounted for by the assumption of the formation of a higher oxide 
(most probably a complex oxide of chromium and arsenic), which is 
reduced instantaneously by arsenious acid or iodide, the quantity 
reduced by each in mixtures being dependent on their relative concen- 
trations, L. M. J. 
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Some Catalytic Reactions Effected under the Influence of 
Wood  Charcoal. GEORGEEI LEMOINE (Cmpt. rend., 1907, 144, 357- 
358)-When ethyl alcohol is led into a tube containing wood charcoal 
in pieces 1-2 mm. in diameter heated by electricity to 350°, a gas, 
containing no appreciable quantity of carbon monoxide, but about 20% 
of hydrogen, is obtained, whilst the alcoholic liquid product strongly 
reduces ammoniacal silver nitrate solution, and colours a solution of 
magenta decolorised by sulphur dioxide. It would seem, therefore, 
that as in Sabatier and Senderens's experiments with copper, charcoal 
reduces alcohol vapour, giving acetaldehyde and hydrogen, whilst with 
animal charcoal the reaction is different (compare Senderens, next 
abstract). Similarly, the decomposition of hydrogen peroxide a t  low 
temperatures is greatly accelerated by the catalytic action of charcoal 
charged with hydrogen, carbon monoxide or dioxide, oxygen, or  
nitrogen. The reaction of iodic and oxalic acids slowly producing 
iodine and carbon dioxide is greatly accelerated by the presence of 
charcoal, much less by sugar charcoal, whilst with platinum black the 
evolution of gas is extremely rapid. E. H. 

Reducing and Catalytic Power of Amorphous Carbon 
Towards Alcohols. JEAN B. SENDERENS (Compt. rend., 1907, 144, 
381-383).--Nearly pure carbon prepared from animal charcoal absorbs 
oxygen from the air at ZOOo, and reduces nitrous and nitric oxide 
at 300°, giving nitrogen, carbon dioxide, and a small quantity of cai bon 
monoxide, without becoming incandescent. When the vapour of ethyl 
alcohol is passedover this carbon heated a t  400°, it is, in part, transformed 
into a gaseous mixture of the composition : CO,, 0.5%; C2H4, 35.5%; 
CO, 4.5% ; CH,, 54*7%, and H,, 4.8%. Formaldehyde is simultaneously 
produced, and probably by its partial destruction gives the small 
quantities of carbon monoxide and hydrogen shown. From this it 
seems that the action of the carbon is not one of reduction, but one 
of catalysis according to the two equations : C,H,*OH = C,H, + H,O ; 
C,H,*OH = CH, + CH,O. With prop91 alcohol, the second reaction 
scarcely occurs. This alcohol readily decomposes when passed over 
the carbon at 340", giving a mixture of C,H,, 87.8% ; GO, 1.3% ; C,H,, 
9.5% ; H,, 1.4%. Formaldehyde is here also produced, explaining the 
presence of carbon monoxide and hydrogen. I n  this case the decom- 
position is almost entirely expressed by the equation C3H7-OH = 
CH,*CH:CH, + H,O. 

The results are not attributable to  the sole action of heat which does 
not decompose the alcohols below 500". Moreover, it is found that very 
fine siliceous sand, pumice st one, dicalcium phosphate, magnesia, and 
other inert substances have a similar and more powerful catalytic 
action on the two alcohols. The peculiar action of the carbon used is 
probably due to the small amount of siliceous matter remaining in it, 
as sugar charcoal decomposes ethyl alcohol giving 29% carbon monoxide 
and only 4.7% ethylene, and propyl alcohol giving S% carbon monoxide 
and 32% propylene. 

Red phosphorus acts as a very powerful catalyst towards alcohols, 
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causing the elimination of ft molecule of water a t  200--240'. and 
f u r n i s h g  a general met hod of preparing pure olefine hydrocarbons. 

E. H. 

Constitution of the Atom. HENRI PELLAT (Compt. rend., 1907, 
144, 480--482).-According to the theory of the constitution of the 
atom advocated by J. J. Thomson, Lorentz, Larmor, and others, it 
consists of a centre charged with positive electricity around which a 
very great numbor of negatively charged corpuscles of infinitesimal 
size gravitate very rapidly, the centripetal force is electrical, and the 
period of the luminous vibration emitted by an  atom of a gaseous 
substance is also the period of rotation of a corpussle of which the 
velocity has been slightly altered by any cause whatever. 

From this theory, Langevin has calculated the wave-length of light 
emitted by a corpuscle situated a t  the periphery of a sodium atom 
and found it to be in the ultra-violet. The author has repeated the  
calculation in a slightly different manner, accepting the hypothesis 
(1) that  the trajectories are circular, (2) that  the atom is spherical, 
that  is, that the orbits of the corpuscles are orientated in all senses, 
(3) that Coulomb's law is applicable to intra-atomic distances. 

The author thereby deduces that the vapours of sodium, zinc, iron, and 
copper could emit only radiations situated in the extreme ultra-violet. 
This result being altogether contrary to the facts, it is necessary in 
order to retain this theory of the constitution of the atom to abandon 
one of the three hypotheses given above. Of these, the first is rather 
an  approximation than a hypothesis, but the author shows tha t  a 
modification in the shape of the atom will account for the difference 
between theory and observation. It, however, remains to be deter- 
mined whether a flattened form for the atom is reconcilable with its 
stability and with other phenomena. E. H. 

Atomic Energy of Gases. GUTH. ENSRUD (Zeltsch. physikal. Chern., 
1907, 58, 257--287).-Atoms are conceived as consisting of a nucleus 
and a surrounding, less dense, elastic envelope. Between the nucleus 
and its envelope, also between the nuclei of different atoms, forces 
of attraction are supposed to be active, whilst between the envelopes 
of different atoms, forces of repulsion are supposed to be at work. 
Consideration of these forces shows that the nucleus of an atom must 
occupy an  excentric position. This involres the consequence that two 
neighbouring atoms are relatively placed so that their nuclei are as 
near as possible to each other, and this line of least distance will also 
be the line of maximum force and the direction of the valency. If 
there are several nuclei in the atom, there will be an  equal number of 
lines of valency. 

On the foregoing hypothesis a mathematical treatment of atomic 
energy is based, and it is found that the distance of the atoms in the 
molecule of a diatomic gas can be calculated from the specific heat. 
I n  the case of elements which do not undergo dissociation (hydrogen, 
oxygen, nitrogen), this distance is found to be two and a half times as 
great as  the radius of the atom. On the basis of this value and of 
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the relative volume and weight of the atoms, it is then possible to 
calculate the position of the atoms, and the centre of gravity of the 
molecule for numerous chemical compounds. The molecular specific 
heat for various polyatomic vapours can also be calculated in fair 
agreement with experiment. 

All available data bearing on the ratio of the specific heats and on 
the values of the specific heat at constant pressure have been collected 
and are recorded in the paper. J. C. P. 

Atomic Weights a Function of the Order which they 
Occupy in the Series of their Increasing Magni tude .  
ADOLPHE MINET (Compt. red.,  1907, 144, 428--430>.-By assigning 
to the elements the numbers 1-79 according to the position which 
they occupy when arranged in order of increasing atomic weight, and 
plotting the atomic weights of the elements, as ordinates, against the 
numbers so assigned to them, as abscissae, two curves are obtained, 
(1) a straight line a, represented by the expression y = 1*985x, com- 
prising the elements numbered 2-20 (helium to calcium), and (2) a 
parabola p, represented by y = xlaz3, comprising the elements 
hydrogen, and those numbered 20-79 (calcium to uranium). In 
both expressions y represents the atomic weight, x the position in the 
series. The atomic weights calculated by means of these formula do 
not differ by more than 3% from the true values (taking H =  1) and 
the  deviations are both positive and negative. By addition of two 
hypothetical elements t o  the series, one between hydrogen and helium, 
and the other between helium and lithium, the relation between the 
entire 81 elements and their order can be expressed by the single 
curve y = ~ 1 . 2 ~ 5 .  Here again the discrepancies between the true and 
calculated values of the atomic weights do not exceed 3% except in 
the case of radium, thorium, and uranium, with which they amount 

In  order to bring ;he latter three elements into agreement with the  
law, it is necessary to introduce four new elements between bismuth 
and radium, one between radium and thorium, and one between 
thorium and uranium, making 87 elements altogether. The 
curve supports Berthelot’s views on the unity of matter. 

to 10%. 

E. H. 

Apparatus for the Demonstration of t h e  Products of Com- 
bustion of a Candle. GEORG LOCKEMANN (Chem. Centr., 1906, ii, 
1801-1802 ; from Zeitsch. chem. Appar., 1, 721-723. Compare this 
Journ., 1877, i, 437).-In the apparatus described, the candle burns in 
a wide glass tube, and the products of combustioo pass through a 
narrow connecting tube, bent at right angles to a glass spiral, to which 
is fitted a small flask connected with a washing flask and a U-tube, 
The whole apparatus is tared on a balance, and dry air free from 
carbon dioxide is aspirated through it. The water which condenses in 
the spiral is collected in the flask, which contains 0.1-0.2 gram of 
dehydrated copper sulphate, and the carbon dioxide is absorbed by EL 

solution of barium hydroxide and potassium hydroxide contained in 
the washing flask, whilst the last traces of the products of combustion 
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are retained by soda lime and calcium chloride in the U-tube. The 
change of colour of the copper suiphate and the precipitation of 
lqrium carbonate serve to demonstrate the formation of water and 
carbon dioxide respectively. The mixture of the hydroxides which 
should be freshly prepared, since it has a tendency to deposit crystals 
of the hydrate Ba(OH),,8H20, is obtained by shaking a warm solution 
of 100 grams potassium hydroxide in 200 of water with 25 of 
crystalline barium hydroxide until all the carbon dioxide has been 
precipitated and the excess of hydroxide dissolved; i t  is filtered 
directly into the flask. E. W. W. 

Gdcium as an Absorbent of Gases for the Production of 
High Vacua and Spectroscopic Research. FREDERICK SODDY 
(PYOC. Roy. Xoe., 1906, A, 78,429-458. Compare Arndt, Abstr., 1905, 
ii, 87).-An electrical resistance furnace is described, designed to heat 
substances in soft glass tubes up to temperatures far above the 
softening point of glass, and i t  is shown that metallic calcium when 
heated to a sufficiently high temperature is tt universal absorbent of all 
gases except those of the argon group. Another form of furnac in 
which the calcium is heated inductively by an alternating current is 
for certain purposes more convenient. I n  this case the temperature 
of the metal can be fairly accurately judged by the eye, a moderate 
red heat being suitable for the absorption of gases. When the calcium 
is at its proper temperature, the chemically valent gases are very 
quickly absorbed, and if the apparatus is furnished with a Plucker 
tube for testing purposes, the vacuum tube becomes non-conducting 
within a minute after the introduction of several cubic centimetres of 
gas into the apparatus. In the case of hydrogen and its compounds 
which yield calcium hydride on absorption, the real absorption tem- 
perature is apt to be overstepped. This is due to the dissociation tension 
of the calcium hydride; on lowering the temperature, however, this 
becomes sufficiently small to permit of a non-conducting vacuum being 
readily obtained. I n  the production of high vacua by means of 
calcium, it is necessary to replace the air in the apparatus before the 
absorption takes place or the residual argon will prevent the vacuum 
from being really good. The particular value of calcium as an 
absorbing agent depends upon its power of absorbing almost instantly 
the gases condensed on the glass walls as soon as these are expelled by 
heating. A low initial pressure, not exceeding a few mm. of mercury, 
is essential for the absorption process, and under proper working con- 
ditions the calcium should never be melted, although it may be 
completely volatilised and redeposited on the cooler parts of the 
apparatus. 

Using metallic calcium as absorbent for foreign gases, experiments 
have been made on the quantities of argon and helium which can be 
detected by the spectroscope. The results indicate that a discharge 
will not pass through a tube containing argon a t  a pressure less than 
1/50 rnm. The limiting pressure in the case of helium is 1/20 mm. 
I n  the presence of other (chemically valent) gases, very much smaller 
quantities of argon and helium can be detected by the discharge 
method. This non-conducting power at pressures within the range of 
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direct manometric measurement appears to be characteristic of mom 
atomic gases, and the observed fads indicate that the electric discharge 
method may prove a very faulty guide in regard to the degree of a 
vacuum. Since the vapour pressure of mercury at room temperature 
is between 11500 and 1/1000 mm., the production of high vacua (as 
measured by the discharge method) by the aid of mercury pumps is 
probably due to the fact that mercury is monatomic. 

Some experiments, in which quantities of helium far smaller than 
those necessary to allow the discharge to pass when in the pure state 
were examined in presence of hydrogen and oxygen, indicate that 
helium a t  a partial pressure of 0.0005 min. can be detected spectro- 
scopically. This is only 1/100 of the partial pressure requisite in the 
case of pure helium. 

In  an  appendix (by ARTHUR JOHN BERRY), the results of experi- 
ments on the rate of evaporation of liquid air in a Dewar vessel 
exhausted in different ways are given. Simple exhaustion by a 
mercury pump gives a better vacuum than the use of cooled charcoal, 
starting from atmospheric pressure. The be& results are obtained by 
a combination of the two processes. H. M. D. 

Manostats. RESTON STEVENSON (J. Physical Chem., 1907, 11, 
107--118).-The various forms of apparatus which have been devised 
for the regulation of pressure are reviewed. The difficulties and 
disadvantages connected with the use of the special forms are dis- 
cussed, and certain modified and improved forms are described. 

H. M. D. 
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